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1.0 INTRODUCTION 

1 . I  PURPOSE 

An initial assessment survey of the Labdratory for Energy Related 

Research (LEHR) located on the University of California, Davis campus was 

undertaken by Rockwell staff under DOE Contract DE-AT03-84SF15160. The pur- 

pose of the survey was to obtain data and perform an initial characterization 
of the nature and extent of radioactive and chemical contamination at the LEHR 

site. The survey was an exploratory survey to determine the presence of 

radiological or chemical contamination which could either migrate to the 

environment or present an unanticipated cost in the decontamination and 

decomnissioning of the LEHR facility. 

1.2 BACKGROUND 

Prior to the start of the onsite survey, a preliminary visit was made to 

the site by D. L. Speed of Rockwell and C. A. Taylor of the San Francisco 

Operations Office of DOE. This trip was made to help in the writing of the 
survey plan. A survey plan for the initial assessment survey of the LEHR 

facility was drafted and approved by DOE-SAN prior to start of work at LEHR. 

This initial characterization survey was performed in accordance with the 
prepared plan (NOOlSRR130013) which was submitted to DOE SAN for review and 

concurrence. The plan, funding, and schedule were adequate for an "initialn 

characterization survey only. A full and complete characterization survey was 

not planned and was not performed. 

The results of the surveys performed are sumnarized in Table 1.3.1. No 

indications were found of gross contamination in unanticipated areas. Con- 
taminatidn was found in radium injection wells, radium septic tanks, and in 



two bore holes drilled in the burial ground areas. The levels detected were 

within two orders of magnitude of background; however, the potential exists 

for migration of material from these areas. 

No hazardous quantities of chemical contaminants were noted in samples 

from the LEHR site. 

TABLE 1.3.1 

SUMMARY OF RESULTS 

Area 
Type of 
Survey Results 

4.2 Surface Features 

4.2.1 General Surfaces 

4.2.2 Statistical 

4.2.3 HVAC (AH-2 and -2 
Buildings) 

4.2.4 Surface Soil 

4.2.5 Field Drain Survey 

(Discharge to Putah 
Creek) 

4.2.6 Dog Pens 

Gross a 0 Y 

Gross a B 

Smear samples 
a and B meters 

Gross a and 0 

Gross a and 0 
soil samples 

Gross a and B 
soil samples 
and gross 
and 0 

No unexpected fields. Y 
detected at Co-60 irad 
field and AH-1 storage 
area .. 
Essentially free of ( 
contamination. 

Two elevated readings 
less than typical action 
levels 

No indications of con- 
tamination attributable 
to the LEHR operations. 

Not accessible for 
survey. 

No activity above normal 
background. 

No measurable contamina- 
tion found. 



TABLE 1.3.1 
SUI1MARY OF RESULTS 

(Continued 1 

Area 
Type of 
Survey Resu 1 t s 

4.3 Subsurface Features 

4.3.1 Burial Ground and 
General Area 

4.3.2 Leach Feld 

4.3.3 Radium Injection Wells 

4.3.4 Radium Septic Tanks 

4.3.5 Irnhoff Facility Settling 
Tanks 

Surf aces 

4.4 Radiochemical Analysis 

Gross and B 

Bore holes 

Gross and 

Radiochemical 
analysis of 
sludge for 
Pu-241 

Same as above 

No increased O. Sharply 
increased v in holes 13 
and 14, C-14, Sr-90, 
Ra-226, and ~ 3 .  

No increased activity. 

a and v contamination 
on manhole covers. 

No activity found. 

, -' 
No measurable quantities" 
detected. 

Smear for Low levels of removables 
gross a and found. 
0. 

C-14, Ra-226, Sr-90, and 
H-3 identified at 
relative levels. 

This initial survey found no indication of gross contamination in unanti- 

cipated areas nor evidence of significant migration of contamination. How- 
ever, available records and information did not establish a high degree of 

confidence that potent ial ly contaminated areas had been adequately ident i- 
fied. The scope, schedule, and budget for the initial survey was adequate 

only to investigate the most suspect areas. 
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A full characterization study and survey is recommended to identify the 

nature and extent of contamination over the entire LEHR site (especially the 

formerly utilized waste disposal sites) as well as in the facilities currently 

using and storing radioactive materials. 
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2.0 SITE DESCRIPTION 

2.1 LOCATION 

The LEHR f a c i l i t y  i s  loca ted  on t he  campus of UC Davis approximately 

1/2 m i l e  south o f  I n t e r s t a t e  80 on County Road 79 i n  Solano County. The 

southern border of t h e  f a c i l i t y  i s  a  levee on t he  n o r t h  s ide  o f  Putah Creek. 

The eastern boundary has changed severa l  t imes over t h e  course o f  expansion of 

t he  research programs. Please r e f e r  t o  F igu re  2.1, which shows t he  cu r ren t  

boundary o f  t h e  s i t e .  

2.2 SURFACE FEATURES 

F igu re  2.2 shows t h e  major LEHR f a c i l i t y  s t r uc tu res .  Nea r l y  a l l  o f  these 

s t r uc tu res  have been used t o  e i t h e r  store,  admin is ter ,  measure, o r  o therw ise  

u t i l i z e  r a d i o a c t i v e  ma te r i a l  a t  one t ime o r  another i n  t h e  h i s t o r y  o f  t h i s  

f a c i l  i ty .  The areas w i t h  t he  g rea tes t  i n v e n t o r i e s  of r a d i o a c t i v e  ma te r i a l s  

a re  t he  A H 1  and ItMOFF bu i ld ings .  The i n i t i a l  assessment survey d i d  no t  

seek t o  measure contaminat ion i n  any o f  t h e  LEHR. s t r uc tu res .  

2.3 SUBSURFACE FEATURES 

There a re  numerous subsurface f ea tu res  assoc ia ted w i t h  t he  LEHR f a c i l i t y  

w i t h  t he  p o t e n t i a l  f o r  contaminat ion by  r a d i o a c t i v e  mater ia ls .  A number of 

these f ea tu res  a r e  known t o  be contaminated, and it i s  n o t  known if the  con- 

tamina t ion  has spread f rom these s t ruc tu res .  I n  two cases (see Sect ions 4.3.3 

and 4.3.4), i t  i s  con jec tu red  t h a t  same s o r t  of leakage has occurred i n  t he  

pas t  which may have r e s u l t e d  i n  a  spread o f  r a d i o a c t i v e  contaminat ion. Other 

f ea tu res  were found on drawings b u t  could n o t  be confirmed by  phys ica l  exami- 

na t i on  i n  t h e  i n i t i a l  assessment survey. Some of these subsurface f ea tu res  :bJ*t * 
4,P ( no tab l y  b u r i a l  s i t e s  o f  chemical and r a d i o a c t i v e  waste) a re  assoc ia ted withl . 

I / 

t h e  LEHR f a c i l t y  a c t i v i t i e s ,  wh i l e  some may have been i n  p lace  p r i o r  t o  t he  

a c q u i s i t i o n  o f  t h e  l and  by t h e  LEHR f a c i l i t y .  As documentation of t he  exact 



Figure 2.1. Location o f  LEHR S i t e  
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dates and locations of these features has not been obtained, it is expected 

that these burial sites may become a matter of interest in the future. 

2.4 SITE ACTIVITIES 

2.4.1 Pre-LEHR Activities 

Prior to the dedication of the described portion of the UC Davis campus 
being designated as the LEHR facility in the early to mid-1950s, the land was 

used for a number of purposes. While an exhaustive historical research effort 
was beyond the scope of this effort, some time was spent in search of the use 

of the land just prior to the LEHR era. Conversations with D r .  Goldman indi- 

cated that the first area of land given to LEHR had been the campus garbage 

dump. 

As the level of research at LEHR increased, more room was needed, and the 

size of the facility was increased in several stages. 

As the LEHR facility was growing to the east, it appears that the univer- 

sity waste disposal operation was moving eastward at the same rate. This 

waste disposal operation involved the burial of chemical, radioactive, and 

other undocumented types of waste. A certain amount of survey time was spent 
in an attempt to track down some of these activities without success. There 

appears to be a lack of available documentation in relation to the university 

disposal of chemical waste at that time. The level of documentation of radio- 
active waste disposal was better than the chemical data, but did not preserve 

much information for the future. Reproductions of two unnumbered blueprints 
'1 are in the hands of DOE-SAN. Due to their large size, they could not 

L 

conveniently be included in this report. 

2.4.2 Past LEHR Activities 

For the convenience of the reader, this phase of the site activities 

description is broken down into two subcategories, research and waste disposal. 



Research 

There has been a  great  deal  of d ive rse  research a t  t h i s  f a c i l i t y .  I n  

t h i s  i n i t i a l  assessment, we were ab le  t o  focus o n l y  on t h e  major programs. 

De ta i l ed  in format ion concerning t h e  r a d i o a c t i v e  ma te r i a l s  used i n  past  pro- 

grams i s  d i f f i c u l t  t o  r econs t ruc t  a t  t h i s  t ime because o f  t h e  l ack  o f  accurate 

records  and normal personnel turnover .  Whi le some records do e x i s t ,  t hey  do 

no t  show t h e  d e t a i l  des i r ab le  f rom a  survey viewpoint .  

The p r imary  programs o f  research invo lved  Ra-226 and Sr-90 depos i t i on  i n  

smal l  animals. Pr imary re fe rences  t o  t h i s  e f f o r t  may be found i n  Appendix A . l  

( r e p r i n t s  f rom Heal th  Physics, V.46) o f  t h i s  r epo r t .  

These papers represent  a  p o r t i o n  of t h e  work t h a t  was c a r r i e d  ou t  i n  t h i s  

f a c i l i t y .  

2.4.2.2 Waste Disposal  

There appears t o  be a  lack  o f  a v a i l a b l e  documentation concerning t he  

h i s t o r y  o f  waste d isposal  a t  by t h e  LEHR f a c i l i t y .  The reader  o f  t h i s  docu- 

ment should keep i n  mind t h a t  t h i s  i s  no t  an uncomnon s t a t e  o f  a f f a i r s  f o r  an 

o l de r  f a c i l  i t y  t h a t  has used r a d i o a c t i v e  mater ia ls .  

'The f o l l o w i n g  i n fo rma t i on  was r e l a t e d  t o  t h e  ESG personnel by var ious  

LEHR s t a f f .  Reco l lec t ions  f rom many years ago r e s u l t e d  i n  statements t h a t  

were incomplete and incons is ten t .  A t  l e a s t  t h r e e  o n s i t e  waste d isposa l  

schemes were found i n  our cu rso ry  search through t h e  p r i n t s  t h a t  were reviewed. 

2.4.3 Present LEHR A c t i v i t i e s  

2.4.3.1 Research 

The present  l e v e l  o f  research a t  LEHR appears t o  be g r e a t l y  reduced f rom 

t h e  recen t  past. Whi le it was n o t  a  p a r t  of t h e  o r i g i n a l  i n i t i a l  assessment 



survey plan, some time was spent investigating the current projects. Informa- 1 

tion on this was gathered on an informal basis from the LEHR personnel with 

whom we had contact. 

2.4.3.2 Waste Disposal 

These efforts were not investigated in detail for compliance with current 

regulations and standard practices but do appear to be up to current standards. 
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3.0 CHEtIICAL SURVEY RESULTS 

3.1 INTRODUCTION 

As the initial investigation revealed the possibility of early (1950s and 
'1960s) disposal of chemical wastes at this site (conversations with John 

Hicknan - former UCD employee, currently employed by the State of California, 
Departrient of Health Services, Radiologic Health Section in Sacramento, Cali- 

fornia), samples of subsurface soil were obtained for chemical analysis. 

These samples were obtained for us by the Anderson Geotechnical crew using the 

stanAard "Cal ifornia Core" technique. These samples were obtained at loca- 

tions as shown in Figure 3.1 .l. All samples were taken at a depth of twenty 

(20) feet. 

3.2 CHEMICAL ANALYSIS 

These samples were submitted to Rockwell EHSC Laboratory for chemical 
analysis as specified in the DOE Scope of Work. The analytical team was 
headed by Dr. Colovos of EMSC. A copy of the complete report as received from 
EtlSC appears in Appendix B. 

3.3 CHEIIICAL RESULTS 

A portion of the report of the chemical analysis is reported in Figures 
3.3.1 to 3.3.7. The complete report is reproduced in Appendix B.  

According to Dr. Colovos of EMSC, no hazardous quantities of chemical 

contar.iinants were noted in the samples from the LEHR site. 

AX-DOE-? 3504 
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VOA Compound8 in the S o u  Sampler 

Compound 

m t h y l e m  chloride  

Concentration. ug/kg (ve t  weight) 

1137 - dl39 - 1140 - 1143 - 

Figure 3.3.1. VOA Compounds in the Soil Samples 

Compound Concmcration, u g / b  ( w e  w i g h t )  

1137 - 1139 - 1140 - 1143 - 
bb(2 -echp l  hrryl) p h t u t a  - - 3300 2800 

Figure 3.3.2. Semivolitale Compounds in Soil Samples 



Figure 3.3.3. Metals in Soil Samples 
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8.nrdocu Subouaco U o t  (851). and 
bncrrct  L q u i r d  DmrocUon U c r  (CEDLI- 

1. Chlotourhroo 7447-3 10 10 
2. Braour-  1-34 10 LO 
3. V iny l  Qrlorida 75-014  10 10 
4. C b t o - = a  7S-00-3 10 10 
5 .  ~ c w l o .  Qrlotlda 7-2 5 5 

Figure 3.3.4.  Hazardous Substance List (HSL)* and 
Contract Required Detection Limits (CRDL )* 



a h d i m  Uaur b o r r a e c  bquirmd Dm~mecioo U c r  (CLDL) f o r  V o k a l m  ESL 
Capo- arm 100 c i u a  chm i n d i r l d a  Lou Yacmr UBL. 

h d i m  S o i l 1 S m d k . o ~  b o c r a c c  b q u i r r d  Dmcmecloo U c r  (ML) tor  V o k c l l .  
H3L Campods arm 100 c i u r  chm indir idurl  &m S o U 1 k d L . o ~  CPIL. 

Figure 3.3.4 
(Continued 1 



Dac-acr ion  WCJ 
Lou Uacar -  Lov ~ o i l / ~ a d i m ~ n r ~  

us1 L u s / 4  

Figure 3 .3 .4  
(Cent inued) 



81. ~ . b - M ~ r r o - 2 ~ t b y l p h . r r o l  
82. ~ e r o a o d i p h a n l l m i a a  
83. b-Sr-phmuy1 -71 a c h r  
w. I r r r r b l r r o k W p .  
85. ?enuchLoroph.ool 

Figure 3.3.4 
( Continued 



111. Endoadfan  I 959-98-8 0 .OS 2 .O 
112. D ie ld r in  60-57-1 0.10 A .o 
113. 0,O'-DOE 72-55-9 0.10 L.0 
ILL. Lndrtn 72-20-8 0.10 6.0 
115. Lndoaulfan I1 3321345-9 0.10 0 .O 

%.dim Uacar Concracc b q u f r a d  Dacaccioa L W c s  ( M L )  f o r  Pmacieida I n  
-pounds arm 100 c-a cha t n d i v t d l v l  Lou Uacer QDL. 

%edtum Soi l /Sedineac  b a c r a c c  Requfrmd Deceecion Llmica (QDL) f o r  Pmacicida 
H S L  eoopounda arm 60 c a r  chm i n d i v i d d  Lou S o t l / S e d t u n c  CPDL. 

vharevmr cha cmro ' p r t u r t p  p o l l u u ~ c ( a ) '  is used in  ch i s  eoncracc and i n  
any rafarmneaa e i c a d  i n  c h i s  conerace.  i c  is incmndmd co w a n  ' h r a r d o u s  
Subacanema L l sc  (RSL) Corpomd(a) , '  which iocluda a11 eompouads Lisced 
i n  ch i s  Exhibtc .  

*. S p . c t f t e  decmccion l W c s  arm hi8hly  u c r i x  dmp.ndanc. Tha decmccion 
l u g s  l i s c a d  he ra in  a r a  ptov1d.d f o r  guldAUCm and u y  noc aluaya be 
achiavabla .  

Figure 3.3.4 
(Continued 1 



'%adicn Pacar b o c r a c c  h g u i r a d  Dococeion Limits (QUIZ) for  3 . r i -Vokc i la  
ESL brpormds arm 100 c a n  eh8 i n d i r i d d  Lou Macar QUIL. 

%dim Soil/Sadimmc b n t r a c c  h q u i r o d  Daeoccion LLpica for  S a i -  
Volacilr BST -s arm 60 c L u s  th. indiridurl  Lov Soi l /S8dL.nc Q9L. 

Figure 3.3.4 
(Continued 1 



VOA Percenc Surrogate Recovery 

SUBB-2 (benzene d6 )  I l L 5  
118 126 128 118 

Su r roga t e  Compound. Percent  Recovery 

SURB-3 ( t o luene  dB) I lZ9 
9 3 96 98 104 

(Approved recovery range) 

Figure 3.3.5. VOA Percent Surrogate Recovery 
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4.0 RADIOLOGICAL SURVEY RESLlLTS 

A radiological survey was carried out on this site as described in 

Document NOOlSRR130013, "Proposed Survey Plan." Details of the radiological 

survey methods can be found in Appendix D of this report. 

4.2 SURFACE FEATURES SURVEY 

4.2.1 General Surfaces Survey 

A qualitative gross alpha, gross beta, and gross gamna survey of the 

facility was carried out imediately upon our arrival upon the LEHR site. No 

contamination or unexpected gamna fields were encountered. A1 1 contaminat ion 

on accessible surfaces was at background levels. Measurable g a n a  fields were 
noted near the Co-60 irradiation field, the IIRIOFF waste treatment faci l ity, 

and the AH-1 outside refrigerated storage at levels similar to' those noted by 

LEHR and DOE/SAN staff. 

Statistical Surfaces Survey 

A statistical gross alpha and gross beta survey was conducted on flat 
surfaces as available. Please refer to Figure 4.2.2.1 for locations of the 

survey points. These survey points were located in a random-biased fashion 
such that, based upon the judgment of the surveyors and information related to 

them by LEHR staff, the most likely contaminated areas were given the heaviest 

coverage. Figures 4.2.2.2 and 4.2.2.3 are graphic plots of the statistical 

distribution of the data. 



Figure 4.2.2.1. Statistical Surface Survey Point Locations 



Figure 4.2.2.2. S t a t i s t i c a l  Surface Survey Gross Alpha Data P l o t  
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Figure 4.2.2.3. Statistical Surface Survey Gross Beta Data Plot 



The slight spread in the data is representative of the varied surfaces 

surveyed and not indicative of measurable levels of contaminat ion traceable to 
LEHR activities. While this initial assessment survey was not of sufficient 

rigor to determine if the facility would meet release criteria, the distribu- 

tion of the data is such that these surfaces appear essentially free of radio- 

active contamination. 

4.2.3 HVAC System Survey 

A radiologic survey was conducted of the HVAC system outlets associated 

with the AH-1 and AH-2 buildings of the LEHR compound. Please refer to Fig- 

ure 4.2.3.1 for locations of these samples. Smear samples and survey (alpha - ,, 

and beta) meter readings were taken from the outlets past the HEPA - (not c: 
.;/, ( 

labeled) filters in the cases where this was possible. Most of the stack ,!,', ' 
outlets were covered with a wire mesh which precluded any of our normal survey \ 

\ 
techniques. No elevated readings were discovered w m  .suye-ter=t_ane- - - - --- -- 
smear showed elevated beta act- The results were reported in Figures 
/- - 1 .  

4.2.3.2 a n d m . 3 .  Insuff icient activity was found for g a m  spectroscope 

analysis. 

4.2.4 Surface Soil Survey 

Soil samples were obtained from various locations in the LEHR facility as 

shown in Figure 4.2.4.1. These samples were taken in locations which were 

representative of the general area and have a good likelihood, in the opinion 

of the surveyor, to retain radioactive material. These samples were screened 
// .- 

for both gross alpha and gross beta, No - indication was found of any contami- - 
nation attr-to the LEHR operations. A graphic representation of these 
_-/ - 

data is given in Figures 4.2.4.2 and 4.2.4.3. 

4.2.5 Field Drain Survey 

The proposed survey plan cal led for an investigation of possible contami- 

nation in the field or storm drain system which services the out-of-doors 



Figure 4.2.3.1. HVAC System Survey Sample Locations 
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F i g u r e  4.2.3.2. HVAC System Survey Alpha Smear P l o t  
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Figure 4.2.3.3. HVAC System Survey Beta Smear Data Plot  





Figure 4.2.4.2. Surface S o i l  Survey Gross Alpha Data P l o t  



Figure 4 . 2 . 4 . 3 .  Surface S o i l  Survey Gross Beta Data P l o t  



/' 
areas around the  dog pens. This e f f o r t  had t o  be abandoned due t o  both a lack  

o f  access and an unsu i tab le  environment. The d ra in  covers had been paved over 

i n  t he  past, and several hours were expended i n  an unsuccessful attempt t o  

open one o f  them. A v i s u a l  inspect ion revealed runn ing  water i n  most o f  these 

dra ins and a lack o f  sediment. It i s  conjectured t h a t  t h e  water came from the  

s p r i n k l e r  system over t he  dog pens, which i s  c o n t r o l l e d  by a thermostat; when 

the  ambient a i r  temperature reaches 9S°F, a s p r i n k l e r  system i s  turned on t o  

prov ide coo l ing  t o  the  dogs i n  t h e  outdoor pens. I t  was our op in ion  t h a t  any 

contamination t h a t  might have entered t h e  system would have been long since 

been f lushed away. A sediment sample was obta ined a t  t he  o u t l e t  o f  t h i s  

system and measured f o r  gross alpha and gross beta a c t i v i t y .  The sediment was 

o f  a rocky sand nature  and would no t  be expected t o  have absorpt ive qua1 i- 

t i e s .  Sediment samples were a l so  obtained downstream from t h e  discharge p o i n t  

o f  t h i s  system t o  Putah Creek. These samples a lso  showed no a c t i v i t y  above 

normal background leve ls .  I n  short ,  t he  r e s u l t s  showed no contamination. 

Please r e f e r  t o  F igure  4.2.5.1 fo r  loca t ions  of samples. 

4.2.6 Dog Pens 

The dog pen areas i n i t i a l l y  appeared t o  be an area o f  great  in te res t ,  but 

in format ion uncovered i n  conversat ion w i t h  Dr.  M. Goldman l e d  us t o  understand 

t h a t  t h e  dogs were kept  indoors i n  cages dur ing t h e  inges t ion  cyc le  of the  

experiment and were he ld  f o r  30 add i t i ona l  days u n t i l  t h e  mobi le a c t i v i t y  i n  

t h e i r  systems was el iminated. Because o f  t h i s ,  t he  amount o f  a c t i v i t y  which 

cou ld  have been deposited was much less  than expected. Dr. Goldman r e l a t e d  

t h a t  t h e  LEHR s t a f f  had ca l cu la ted  t h e  h ighest  poss ib le  value of approximately 

200 microcuries per pen f o r  t h e  animal w i t h  t h e  h ighes t  a c t i v i t y .  With water 

from r a i n f a l l  and t h e  dog coo l i ng  system, most o f  t h i s  a c t i v i t y  would have 

migrated from t h e  near surface reg ion  o f  t h e  s o i l  by  t h i s  t ime. tleasurements 

made on samples f rom t h i s  area tend t o  support t h i s  conclusion. 



Figure  4.2.5.1. F i e l d  D r a i n  Sample Locations 



Measurements of gross alpha and gross beta, as well as near surface (clay 
under 8-12 in. of crushed 1 imestone in dog pens) samples were obtained. These 

data are included in the statistical survey and near surface soil survey 

sections; no measurable contamination was found. 

1 .  

1(; 4.3 SUBSURFACE SOIL STUDIES 
I 

f As the planning progressed, the primary area of concern was thought to be 

1 
I possible waste burial sites. A contract was let to Anderson Geotechnical of 

-----. - 
' Roseville, California, to obtain subsurface soil and debris samples. The --- \ z p m e n t  employed was a truck-mounted drilling rig with an 8-in2 holla_* core 

\ r .  The equipment available was c m  ft &ep - - holes. 
P 

Little information on the location, number, depth, or contents of the 
burial sites was known at the time of the planning effort. Figure 4.3.1 shows 
the anticipated subsurface features based on this verbal information. 

Based upon this information, the survey plan called for sample holes to 
be dug near the locations shown in Figure 4.3.2. Figure 4.3.2 shows the 
actual location of the holes drilled; in some cases, the drilling equipment 

could not access the areas planned. 

All of the water, sewage, electric, telephone, and compressed air lines 

were buried, and there was little information available concerning the loca- 

tion of these underground utilities. In three cases, the holes planned were 

in an area of many lines, and no information as to their exact location and no 

substitute locations to examine that feature was found. As such, these three 

holes were not bored. 

- 
f- Due to the uncertain inforlnation available as to the depth of the buried 

/ features, a mix of 5- and 20-ft-deep holes were bored. The depths and nuhers 

1 of holes were based upon both our early information and budgetary con- 

\ straints. A total of twenty-nine (29) holes were bored with eighteen 5-ft- 
deep, ten 20-ft-deep (see Figure 4.3.1), and one 10-ft-deep hole. 
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I 
Based on acquired information fu tu re  holes should be no less  than t e n  

\ f e e t  deep. 
', '. 

One of t h e  Rockwell survey team members was present a t  t h e  bor ing  opera- 

t i o n  t o  watch f o r  sudden changes i n  s o i l  consistency and deb r i s  as w e l l  as t o  

rnon i t o r  f o r  r a d i o a c t i v e  contaminat ion. No contaminat ion  was measurable w i t h  

the  hand-held survey instruments used. S o i l  samoles were obta ined from t h e  - 
1 

so i  1 a t  t he  depth o f  approximatekcin-.;-and a t  5- f t  increments the rea f te r .  --- - - / 

-L ---- 
These so i  1 samples were screened f o r  gross alpha, gross beta,<;;haidfy~ed--by - -_ ------ 
g l  

-1- - 
oscopy. - 

The sample holes were f i l l e d  by the  LEHR staff  a f te r  our departure. 

4.3.1 B u r i a l  Grounds and General Area- Survey 

The r e s u l t s  o f  t h e  gross alpha and gross beta are presented g r a p h i c a l l y  

i n  F igures 4.3.1.1 and 4.3.1.2. No s i g n i f  Scant departure from background was 

observed i n  t h i s  screening o f  t h e  s o i l  samples. This  method o f  ana lys is  has a 

s e n s i t i v i t y  o f  approximately 50 p i cocu r ies  (pCi)  per gram o f  s o i l .  
i 

Each sample hole was scanned f o r  gross beta and gross gamna a c t i v i t y .  

Due t o  the  f r a g i l e  nature o f  alpha r a d i a t i o n  de tec t ion  probes, and t h e  shor t  

range of alpha i n  a i r ,  no attempt was made t o  scan f o r  gross alpha. A l-min. 

gross g a m  count was taken as fo l lows:  3 f t  above t h e  center  o f  each ho le  

(POPULATION I ) ,  i n  t h e  center o f  t h e  hole w i t h  the  c r y s t a l  j u s t  below the  sur- 

face o f  the  undisturbed s o i l  (POPULATION 21, a t  a depth o f  5 ft (POPULA- 

TION 3),  a t  a depth o f  10 ft (POPULATION 4), a t  a depth o f  15 f t  (POPULATION 

5), a t  a depth o f  20 ft (POPULATION 6). The breakdown of t h e  data i n t o  popu- 

l a t i o n s  was t o  enable an easy v iewing o f  t h e  graphic p l o t  o f  t he  data. 

The gamna scanning procedure loca ted gamna a c t i v i t y  i n  two loca t ions .  

Th i s  data i s  presented i n  F igure 4.3.1.3. Data from t h e  l-min. counts i s  pre- 

sented by popu la t ion  i n  F igures 4.3.1.4 through 4.3.1.9. The combined data i s  
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Figure 4.3.1 . l .  Subsurface Sof 1 Survey Gross Alpha Data Plot 



Figure 4.3.1.2.  Subsurface S o i l  Survey Gross Beta Data P l o t  



presented i n  F igure  4.3.1.10. No indicatio_n-.of in!xmwxL*+&- a c t i v i t y  
I 

was found i n  any o f  t h e  bore holes.  
- . - 

Hole 
No. - 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Depth 
( f t )  

Depth o f  
E levated Reading llaxirnum Maximum 

( Y  o r  N )  Read i nq Reading 

No change Y R 
No change Y D 
No change Y O 
No change Y R 
No change Y 0 
No change Y f3 
No change Y D 
No change Y I3 
No change Y 0 
No change Y O 
No 10-14K 
No 10-14K A @w 
Yes ~ c ~ l - - -  
Yes y J t  C, 

No change Y B 
No change Y B 
No change Y B 
No change Y B 
No change Y I3 
No change Y B 
No change Y B 
No change Y B 
No change 12-14K 
No change 12-14K m ~ . ~  i- 
No change 12-14K 
No change 12-14K 
No change 12-14K 
No change 12-14K 

F igure  4.3.1.3. Bore Hole Survey Gross Gamna Scan Data 
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Figure 4.3.1.4.  Bore Hole Survey Gross Gamna Count Data 
(POPULATION 1 ) 
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Figure 4.3.1.5. Bore Hole Survey Gross Gama Count Data 
(POPULATION 2 )  



S T A N D A R D  D E V I A T I O N S  F R O M  M E A N  6 
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Figure 4.3.1.6. Bore Hole Survey Gross Gamna Count Data 
(POPULATION 3 )  
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Figure 4.3.1.7. Bore Hole Survey Gross Gamna Count Data 
(POPULATION 4 ) 



Figure 4.3.1.8. Bore Hole Survey Gross Gamna Count Data 
(POPULATION 5 1 



Figure 4.3.1.9. Bore Hole Survey Gross Gamna Count Data 
(POPULATION 6 ) 



Figure 4.3.1 . l o .  Bore Hole Survey Gross Gamna Count Data 
(ALL POPULATIONS) 



As can be seen from Figure 4.3.1.3, a sharply increased level of gamna 
1 

activity can be found in bore holes 13 and 14. Both of these locations are 

shown in detail in Figure 4.3.1.13. 

G a m a  spectroscopy was able to determine that there was some amount of 

to the unknown geometry and amount of shielding. Further excavation is 

required. A contribution to the low-energy portion of the spectra by the 

scattered radiation (sky shine) from the Co-60 irradiation field contributed 

greatly to the uncertainty. Due to lack of time and a desire to prevent pos- 

sible spread of contamination, no attempt was made to uncover the source of 

activity. A printout of the spectral analysis is reproduced in Fig- 

ure 4.3.1.11. 

The activity in hole 13 was much more difficult to characterize by gamma 

spectroscopy due to the increased depth and the physical size of the HPGe 

detector system (see Figure 4.3.1.11 1. 

4.3.2 Leach Fields 
.. ' . 

The early information which we received was incomplete and inaccurate. ,., 
Figure 4.3.2.1 shows the location of the fields as best we knew at the start \ 

\ 

of the project. Figure 4.3.2.2a shows our best information at the end of the \ '\ 
survey effort. We have been unable to confirm either the exact locations, 

I 

I 
configurations, or construction details of any of these features. Some of the I 

leach fieldsmay have b e e n u s e d t o  dispose of nonradioactive waste, but this / 
initial assessment effort was not able to locate such information if it exists 

/ 

in written form. Verbal comnunications with LEHR staff indicate such data may ,, 

not exist. 
V 
,/ 



TAG NO. 123 R I M - C A N B E R R A - F H  BADGER PAGE 1 
APCI I LIVE TIRE 1000 IRUE T l n E  = 1002 17 OCT 84 13157 
COLLECTED A 1 1  13:20152.7 17 OCT 84 

R o l l  I F R O n  231.0 KEV TO 246.7 KEV 
PEAK A l  242.6 KEV F U W -  1.7 KEY 
IUTEGRAL= 3111 R A l E =  3.1 CPS 
AREA* 507 ERR- 25.22 

PB-214 AT 241.9 KEV . 0.14546E25 U C I  

R o l l  2 C R O l  576.1 KEV TO 591.0 REV 
PEAK A l  585.3 KEV F U M =  2.9 KEV 
IN lEGRAL.  568 RATE= 0.5 CPS 
AREA= 289 ERR- 15.22 

R o l l  3 FROM 601.0 K E V  TO 615.7 KEV 
P E W  AT 606.6 KEV F U W -  2.3 K E V  
INIEGRAL.  577 RATE= 0.5 CPS 
AREA= 267 ERR- 17.22 

R o l l  4 FROM 654.3 K E Y  TO 667.3 K E V  
PEAK A 1  459.3 K E Y  F U W =  3.9 K E V  
INTEGRAL= 712 RATE= 0.7 C P 9  
AREA= 433 ERR= 10.42 

CS-137 @ r .LI  b W e *  

R O I l  5 FROM 1165.2 KEV TO 1181.2 K E V  
PEAK AT 1178.0 KEV F U M =  5.1 KEV 
I H I E G R A L -  222 RATE- 0.2 CPS 
AREA- 90 ERR= 33.32 

R O I ~  4 FROR, 1324.7 KEV TO 1141.2 nrv 
PEAK A 1  1331.7 REV F W =  0.6 K E V  
I H T E B R K -  105 RATE= 0.1 C P S  
AREA= 3 ERR. >>>>I  

R o l l  7 FROM 1451.7 KEV TO 14M.2 KEV 
PEAK A 1  1460.3 REV F U W =  7.9 K E V  
INTEGRAL-  940 RATE- 0.9 C P S  
AREA- 906 ERR- 3.42 

F igu re  4.3.1.11. Bore Hole 14 Gamna spectrum 



Spectra too degraded 
due t o  depth o f  a c t i v i t y  

for analysis  

Figure 4.3.1.12. Bore Hole 13 Gamna Spectrum 
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Figure 4.3.1.13. Detai led P l o t  o f  Location of Hole 13 and Hole 14 
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Flgure 4.3.2.1. Leach F le ld  Survey Early Data 



8 

X 
I r **  I I 
A.H.  1 

s 
B 

I . 
' ,  . 

, IMHOFF 
- 

\ ' A . H .  2 D 
d 

* 

\ % - 

% 

1 

WASHDOWN 
PAD 

DOG PEN! E 
EEEE 

Figure 4.3.2.2.a. Leach Field Survey Updated Data 



Some prints we were able to obtain were not identified as "proposed," "as 

planned," or "as built." Verbal infdrmation did not agree with these draw- 

ings. We were not able to either confirm or deny the existence of any of the 

leach fields. 

Figure 4.3.2.3 shows . . details -- of the Ra-226 inject!o_n-well.z wt~lch..~~int~\ 
to either an unknown feature or a leach fwd. As this detail was not d i z  

- -- - /-- - _ -- 
covered until after the departure of the hole-boring crew, no samles w z e  - 
taken near this location. -~ield(l) is the field most LEHR staff remember, , 
although there is some question as to its shape and exact location. Field (2) 
was identified to us by Mr. Holdstock of EHLIS, but was marked on no drawings. 

', Field ( 3 )  was marked on one copy of a blueprint by a bold pencil stroke with I 
I 

no explanation, but the detail in Figure 4.3.2.3 would tend to confirm its , 

existence. Their existence was remembered by the LEHR staff questioned but 1 
could not be confirmed in our survey due to either buried pipelines in the 

area in one case (eastern field) or a building now over the area (southern, 

field). 

4.3.3 Radium Injection Wells 

The exact construction details of these injection wells were no';\ 
\ 

obtained. There seems to be a lack of information as to the quantity of ,I 

radioactive materials which were injected into this system. J' 

There is a 4-fn. line feeding a distribution box for three injection 

we1 1s. More beta activity was noted in this structure than in any of the \ 

three injection well structures. Three 1 ines left the distribution box in the 

direction of the three injection wells. The south well had an additional 

3-in. line going south (see Flgure 4.3.2.3). The wells are spaced approxi- 
mately 20 ft apart and are covered by a concrete nmanholem like structure. 
The depth of the wells is not known for certain. One staff member stated that 

they were 120 ft deep, and another related that they were 30 ft deep. The , 

latter seems more reasonable as we discovered (from Mr. Bill Eaton of Eaton 
/ 



Figure 4.3.2.3. Top View of South Ra-226 
Injection Well Detail 



We1 1 Drill ing, Woodland, California) that the university draws irrigation 

water from an aquifer approximately 90 ft deep, and that 20- to 50-ft-deep 
leach pits were comnon for sewage disposal in the area during the late 1950- 

1960 period. The wells are said to be filled with 4- to 8-in. cobbles. 

Because of the outdoor setting, an overlying mat of partially decomposed dog 

hair, and the desire not to spread contamination, this was not verified. 

Entry to the well pits proper was not attempted due to both a lack of special 

ladders and special safety equipment, and because there was a certain 

knowledge that contaminat ion was present. 

Please refer to Figure 4.3.3.1 for the layout and location of the radium 
injection we11 system. Please refer to Figure 4.3.3.2 for details of the 

near-surface portion of the radium injection well system. 

Contamination was measured on the underside of the manhole covers as 

noted in Table 4.3.3.1. 

TABLE 4.3.3.1 

MANHOLE COVERS - DIRECT READINGS 
(dpd100 cm2) 

Cover A1 pha Gamna 

North 3,000 1,250 

Middle 20,000 12,500 

South 1,000 BKG 

No measurement of smearable contamination was made due to the heavily 
rusted condition of the manhole cover surfaces, but in the course of handling 
these manhole covers, it was discovered that the contamination was indeed 

transferrable. 

The cause of this contamination is not known, but as the walls of the 
pits were contaminated, it is conjectured that the pits have experienced high 

water (contaminated water) levels in the past. This theory is supported by 



Figure 4.3.3.1. Location and Layout of Radium Injection Wells 

Figure 4.3.3.2. Details of Near-Surface Injection Well Features 



the fact that this system was abandoned because it did not perform to the LEHR \ 
staff's expectations. It is not known if contamination has migrated from this 
area in the past. A relatively recent layer of blacktop has covered the old 

road surface in this area covering any contamination and preventing further 

survey efforts. 

4.3.4 Radium Septic Tanks 

Just south of the IMOFF waste disposal building there is a series of 

four septic tanks. The covers were covered with an 8- to 12-in. layer of 
2- to 3-in. rock, and tightly rusted shut. After considerable effort, they 
were opened for inspection. LEHR staff related that the flow of excrement was 

from the eastern tank through all four tanks to the west tank, and then out to 
the distribution box. Please refer to Figure 4.3.4.1 for the location and 

layout of these tanks. 

Upon opening, water was discovered to be within approximately 3 ft of the 
top of the tank. A large steel "butterfly valven like construction was 
located in the passageway to the tanks. The function of this "valueu is 

unknown. 

Of the four tanks, the water level in tanks "A" (easternmost), "B" (the 
next in 1 ine), and 'Dm (westernmost was very similar. This would be expected 
of a gravity-fed, flow-through system. Tank 'Cn did not appear to contain any 

water at all. Due to the relatively high levels of both contamination (deter- I I 

mined by ion chamber) and stench, further investigation was stopped. TJuz_onk , I 
reas -ed for thhfs- -___ difference - in water levels is a -leak of- . _- - - 

n a No holes were drilled to investigate this matter as ,I i 
2 the drilling crew had departed before this w t t e r  came to light. Addition- \" 

ally, location of the tanks, buildings, and sidewalks in the area would make 1 

// sample drilling (support and clearance for the drilling rig) quite complicated.,. 
I 



A . H .  2 

Figure 4.3.4.1. Location and Layout o f  Radium Septic Tanks 



4.3.5 IMOFF Facility 

The II,lHOFF facility is shown in Figure 4.3.5.1. This is a waste treat-] 

ment facility described in Appendix A. Samples were obtained from the \ 
settling tank. Samples were not obtainable from tanks earlier in the waste \ 
processing stream due to heavy equipment being stored over the access -- -- 
hatches. This sample was sent to . E A ~  

Plutonium-241 analysis. While no measura 
detected, there was a significant quantity of Radium-226 and/or Strontium-90 / 
in the samples as determined by both ion chamber and gamna spectroscopy 

surveys. These samples exhibited a beta gamna field of approximately 2 mrad/h I 
on contact. 1 

Lack of access prevented boring test holes around the facility to attempt 

to find possible leaks from the outer ring of tanks. Two test holes were 
located between the IIIHOFF building and the radium septic tanks on the south- 

east corner and the southwest corner of the IMOFF.. / 
\ 

A smear survey was made on this facility, and low levels of removable) 

contamination were found. / 

4.4 RADIOCHEIIICAL ANALYSIS (SAtPLES FOR FURTHER ANALYSIS 1 

Chemical ~ n a i y s  i s 

1. No. 139 Hole 30 Depth = 20 ft 

2. No. 140 Hole 29 Depth = 20 ft 
3. No. 143 Hole 9 Depth = 20 ft 

4. 140. 137 Hole 2 Depth = 20 ft 



+ - Locotlon of sample token 



Radium-226 and Strontium-90 

1. No. 81 10-ft level 

2. No. 82 15-ft level 

3. No. 83 20-ft level 

4. No. 86 10-ft level 

5. No.87 15-ftlevel 

6. No. 88 20-ft level 

7. No. 91 10-ft level 

8. No. 144 Bones from No. 13 

9. No. 106 10-ft level 

10. No. 112 Dog pen samples 

Hole 29 

Hole 29 

Hole 29 

Hole 36) 

Hole 30 

Hole 30 i Hole 1 

(Hole 13 grab sample composite) 

Plutonium 

1. No. 135 I!MOFF Tank C 

2. No. 134 Distribution box 
3. No. 136 RaSepticTank A 

4. No. 81 10-ft level Hole 29 

Carbon-14 and tritium 

1. No.39 10-ftlevel Hole 13 

2. No. 43 5-ft level Hole 14 

3. No.24 10-ftlevel Hole 10 

4. No. 10 5-ft level Hole 6 

5. No. 4 5-ft level Hole 2 

The results of these analyses are tabulated in Figure 4.4.1. 

4.5 DEEP WELL SURVEY POINTS 
. 
\. 
\ 

TO investigate possible migration from the Ra-226 injection wells and the \ 
\ 

IMOFF/septic tank system, two z-ft-deep wells re drilled by Eaton _ ___ Well- _---- \, , 
-of Wo -ia). The location of t h ~  wells is s h o y n d -  '! 

F i g u r e s -  1. exploratory shafts were drilled. The information obtained - 
will aid in the design of a monitoring well to check for migration from the , 1 
Radium Injection wells. 

AI-DOE- 13504 
I: 
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EAL C..  r;::on 

ASALYSIS OF 8 SA?IPLES FRO!! ROCKUELL INERNATIONAL 

Customer UL '"C % a a r k  sOSr au'Pu 
Sample Nos. D i s so lu t i on  No. pCi/gram 2 1 (r (%) 

88  r I c. 10' 508-6 
91 3 r e lo' 508-7 

106 n 1% q re' 508-8 
112 DAk. r * 508-9 
134 n;.i..~r.-a.. 508-10 

135 I-h.ff 7 . - K  1: 508-11 < 50 
136 h*l.*'*-r * 508-12 < 50 
144 h- . r  .f 05 I(. 11 508-13 2.35 2 5 17.3 f 2 
Blank ( a )  508-15 c16 c 25 ~ 0 . 2 0  c50 

( a )  Blank is p C i / s a q l e .  

Figure 4.4.1. Radiochemical Analysis of Samples from LEHR 



Figure 4.5.1. Location o f  Logging Wells 



/ 

Effluent from these holes was monitored for radioactive contamination, 

but with the interference (by dilution) of the drilling mud, no reasonable 

results were expected. 
\ 

The data expected was an "E-log" which measures the permeability of the 

i soil so that a properly-designed monitoring well may be installed if the need 
', 

is seen. The "E-logsu are shown in Figures 4.5.2 and 4.5.3. 

To prevent contamination of ground water with surface water or between 
layers of ground water, the wells were sealed with cement upon completion of 

logging. 

AI-DOE-I 3504 
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J 
Figure-4;5.2. .ET'Log for MI1 No. 1 





5.0 DISCUSSION 

5.1 CHEMICAL CONTAMINANTS 

The results of chemical analysis on four (4) soil samples show no chemi- 

cal contaminat ion. 

5.2 RADIOACTIVE CONTAtlINANTS 

As a general statement, there is no apparent loss of control of radio- 
active materials at the LEHR site. 

There has been disposal of radioactive materials on this site in the 
past. Traces of tritium, Carbon-14, Stront ium-90, Radium-226, and Cesium-137 
were found in areas suspected as radioactive waste burial sites. significant\ 
amounts of Radium-226 and/or Strontium-90-haye been disposed QY l edch  I 

---- . ..-- 
---- ---- - - - .  .- .--- 

f ieCiIj&p.j 
-- . 

/ 
injection wells. DbCaamtation as to tbe exact -- -- 

quantities of materials disposed of has n o F E S G  iocated. 
/ - - 

\. ',- 
There is some question as to which programs were responsible for the waste ' 8  

buried. While the waste was undoubtedly buried in conformance with the stan- ', 

dards applicable at the time, the waste burial site does not conform to 
current standards in terms of either trench construction, licensing, or docu- ,,' 

mentation. With the possible exception of tritium, no meas-~abl_e migptiongfi - -- - 

activity has been l&ateg. 
/- 

The values recorded for H-3 (tritium) contaminat ion present a quest ion. 
The values quoted represent picocuries of tritium per gram of soil, and while 

not at a hazardous level, are five to ten (5 - 10) times higher than expec- 
ted. The values obtained are relatively closely grouped, suggesting some 

relationship among the samples but these samples were so widely spaced around 
the physical plant of the LEHR site that the possibility of cross contamina- 

tion was investigated. A-careful review of procedures at both ESG and EAL did 

AI-DOE- 13504 
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not reveal even a possible source for the cross-contamination. In this light, 
\re consider these tritium analysis values open to some question. 

Further study to define the potential problem areas is indicated before 

definitive action plans can be reasonably made. 

5.3 PROBL EMS ENCOUNTERED 

Many problems were encountered in the course of this survey. These 

problems with suggested solutions for possible future efforts are noted below: 

,.I (y Lack of Communication 
Need Full Time DOE and LEHR Liaison for Survey Team 

.J o Lack of Documentation 
Need Comprehensive Study of Site Documents 

'J o Gamma Field from Co-60 Irradiator Field High Backgrounds 
Shut Down Co-60 Field 

I . o tleteorological Considerations (Careful scheduling of survey effort) i 
(High Temperatures Caused Instrument Malfunctions) 

These problems were discussed in the proposal survey plan with the excep- 

tion of meteorological considerations, and had greater impact upon survey 

performance than expected. With careful planning, the effect of these 

problems can be minimized in future efforts. 
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% U. C. DAVIS RADI-ICRL PROBLEM 

o In 1955. it was prapo88d by U. C. mv i8  Lo study C h  lonq-tmrm offmet8 of 
conrinrvl inqmmrion of ~ ~ 9 0  eontaminatad food in  haqlm d-8. 

~ h m  strdy -8 broken i n to  tw ( 2 )  p u t 8  t o  a c c d t e  th. 1- nrmrb.r of 
dogs required. The fmedinq of the f i r s t  group wan &M durinq tho l a t e  
1950's.  Thm mmcond qroup was tad durinq th8 lac8 1960's. Thm mcudy consistad 
of doqs fran concapZion lthrouqh th. dam) u n i t l  18 - n t h  of age. A t h i r d  
qroup oL dogs u s  injmctmd with l ~ z z 6  to a c t  a s  a control  group fo r  the  mtudy. 

o The ~ ~ 9 0  do98 r a r e  housmd in a9m8 in  Bldq 3750 durinq thm feeding p r r o d .  
Aftmr t h e  reading poriod. tho dopa were put anto pen8 a d j a m t  to the build- 
lnq complax. Wrmu f m  the dopa w.8 v a b d  t r a  th. cag.8 each dAy i n to  
an  ~mhoff rmttling tutk. nut8 - ta r  u.8 pup .d  f r m  thm b h o f f  tank thmuqh 
ramin f i l tmrs  into a La& f i a l d  l o u t a d  nur tha irhofC buildlnq. Excrma 
Lrm chm do98 while i n  thm p n 8  uu collactad. i f  pouiblm, othrrvi8m it -8 

a l l& to uuh i n t o  thm so i l .  This 8 y 8 t a  r8 8 t U l  in uu W y .  
.i 

o f i m  do98 -rm bumad in -8 i n  B l d q  3846 durinq th. infoetion p8riod. 
f i m s m  do98 wm a l so  latmr put into tbm holding p.ru next to Lhm building 
c-lmx. Cxcrau from rh. -a ru r . h d  frol tlu u p 0 8  arch b y  into a 

, , 
sap t ic  s y s t a  .ad thmn in- thme (3) 100 to 150 foot  v m r U c ~ A  l a rch  nus. J 

~ x e r m u  I r a  the dopa uhilm in tho pma ram coL1KIL.d. i f  poasiblm, 0fk.r- 
w i s m  i t  w a  a l l o w d  to vul, i n t o  thm .oil. Thm w o r t i u l  rills u. not in 
urm a t  chi8 t i m 8 .  Was+. watmr m x i t a  i n t o  tb. f a c i l i t y  w r  8ymt.r. 

o m a  arm. tho doq porn occupy wm u n d  i n  thm marly 1950'8 u a r a d b ~ c t i v m  
dwnp s i t *  f o r  Unlwor8ity urp.r-nt8. The typ. m d  amuat of r ad loac t i r i t y  
i s  un*nam a t  thi8 tir. 
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;.TChT;;IAL P?9BLLUS 

o Caq. and drarnaga system catAminAti0n f o r  aach building. 

o Laboratory and stroaga f a c i l i t y  contamination. 

conumicut.d soil ~ p ~ d  t h e  t m a n n n t  r a c i l i t i o s  ~ C . U S ~  o r  S ~ N C ~ U . ~  

cracks An tha concrato 8tructUra. 

o Contaminatad s o i l  i n  and around tha laach field.. 

o Conummatod qmund -tor from a c t i v i t y  in tha l u c h  f ie ld . .  

o Contamination i n  uu sawor l ines .  

o Contaminattoa of drrimg. ditch08 f m  dog pen rain run-off. 

o pmvida funding f o r  tho dovmlopnnt of a sitm a 8 r 8 . u n t  plan tlut w i l l  
aaaass tho radiological  and nan- rad io lop ia l  lavml8 of a c t i v i t y .  
c c 6 T :  $91 to SSK 

o Provide fundinq f o r  thm o i t o  u n 8 m n t  and a -tractor to under- 
taka tho u n 8 . r a t .  -I S21k - S 4 a  
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-WASTE SPECIALIST 
SYSTEM DESIGN PACKAGING TRANSPORTATION DISPOSAL 

SPECIALTIES 
P.O.COX 2109 
Turlock. Calif .  95380 
(209 667-1102 

A u ~ .  21s 1979 

Mr. John H. Hiclanan R.S.O. 
University of Calif .  
Office of Enviromental Health 6 Safety 
Davis. Calif .  95616 

RE. D and D of Radioactive Waste Retention Tank. Radium 
Dry Wells, arrd Leach Line Ditch. 

Dear M r .  Hickmanr 

Cost schedule covering work t o  be performed was exclusive 
of removal, t ransportat ion,  and unloading of the  re tent ion 
tank. Heavy Transporters of Lorn Angels, was contacted 
f o r  bid emtimate. Their quotation f o r  loading. trans- 
portation, and off  loading a t  Nuclear Engineering , b a t t y ,  
Nevada i s  $62.399.92. Bid estimate is f i rm till Aug. 1980. 

~ o t a i  cost  estimate of the e n t i r e  project  is $288.845.99. 

Should you have any questions please c a l l  me. 

FORM 7lS-? REV. 2-80 



~ ) c p t .  P L c ~  /?/J/,.I~ LOB NO. 051 ?P p lanne r  C o  u / c u  d c c o n t a c t  L use s , 

Scope of Vork - ' o  , u , , C/ . P A C  f _Tjt ,.., , , FX,2 . ' 

3 .  /-. , .? ' / c r  - ",.SA. N C  p ,  r//( . . lF 

9/7(7r3  .O CIrdcr of t lagnitude Cos t  f o r  Work Rcquertcd L- 

Docs t h c  depar tment  have s u f f i c i e n t  fuodr  t o  c o w l e t e  t he  vo rk  r e q u e s t e d 1  

, - 
1 , ;  * P , ? z -  

h\?prcrvals By: - 
Bui ld ings  A= . F i r e  Env. Heal th  Space U t i l i t i e s  

I 

I ag ree  v t t l i  tho p r e l h l n r r y  p l a n  a s  p re sen ted ;  t h e  c o t t  f o r  t h e  v o r k  r e q u e s t e d  is 

r aasonab lc ,  and I i n t cnd  t o  proceed wi th  t h e  p r o j e c t . .  I r e q u e s t  t h a t  t h e  P l a n n i n s  ant1 

E l ~ ~ i n e e r i n g  Branch of t l ~ a  P h y s i c a l  P l a n t  Dspartmmnt proceed t o  develop a  d e t a i l e d  

rtork p l an  and m a t e r i a l  l ist  t o  complete t h e  vork .  1 . 2 , -  

6- - s i p n e t u r e  
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Department of Energy 
San Franasco Operat~ons O f f ~ e  
I333 Broadway 
Oakland, Caiifom~a 94612 

A p r f l  17,  1979 

Dr. P M n  Coldman. Director  
Radiobiology Laboratory 
Oniversirg of C a l i f o m l a  
Davis. CdFfo& 95616 

Subjocc: DECOKIAHUIATION AND DECOPZI.SSIONINC OF RADIOAmIVE W A S T E  
m I O N  TANK, RADrnI  DBI WELLS AND L u a I  LIKE DXICE 

D e u  D r .  Goldman: 

The subject  f a c i l i t i u  have be- added t o  the DOE surplus n d e u  
tacLLitie8 1i.t. At thir c h u  a d d i t i d  information on the  f a e i l l t i e s  
fa needed f o r  inc lus ion  In th. 20-Y.u Plan f o r  D e c ~ s i o n i n g  of DOE 
Radioactively C o n t m t m d  S u r p l w  F a c U L t i u .  

P l e u e  p r d d e  w w i t h  the  fo l lov ing  in fomut ion  In a f i v e  o r  six page . 
t echa ica l  report  by Hay 31, 1979. 

1. Ducr:ption of f a d u t y .  

2. D a s a i ? t i o n  of decom~bs ioo ing  mode (dicman-1. 

3.  T u b  t o  be perfoemad f o r  t h e  p ro jec t  (plan. s i t e  p r a p u a t i o n ,  e tc . ) .  

6 .  Cost and schedule f o r  w r k  t o  be a c c o m ~ U h e d  by f i s c a l  y o u .  

5 .  Pknoovor requircmmts (man years of e f f o r t ) .  

6. Projected o c c u p a t i o d  expoeure. 

7. Rojected.vo1- of waste t o  be generated in f e e t 3  (concrete. 
s o i l ,  s t e a l ,  etc.) and d l s p o s d  s i t e .  

6. Referuxe  any o t b r  d o c w n t s  which provide information about ~ \ e  
d e c d s s i o n i n s  of fa&- (1.e.. surplus f o U t y  quutio-e). -- . 

RAOtOBlOLOGY . , . . 
LAB0 RATORY , . 

D E B L O V E  
APR 1 1979 D 
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April 1 7 ,  1979 

You vill note that soms of the infonaation requested was developed f o r  
the ruralus f a c i l i t y  queatinlmrire which you p r o v i d d  on July 28, 1978. 
Inforzucion may be abstracted from c h i s  docuplnt f o r  chis report .  

I f  you have any quemtloru. p l r u a  d l  Eattie Carvrll a t  fiS 536-7963. 

C a l v i n  D. Jaduoo ,  Director 
lbdronmmot m d  Srfacy Dir i s ion  
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TO : 

FROM: Marvln Go1 

SUBJECT: R a d l o a c t l v i t ~  l \ ve ls  I n  sep t l  c tanks connected t o  AH-2 , ,: J!..",? ,,./-..,;j 

The subject  tanks have been used f o r  the past 7 y e a n  I n  the radlum admlnls- 
t ra  t l on phase o f  our experiment. Several mi 11 i cur ies o f  radl-226 have 
entered these tanks and I t  would be t o  the laboratory 's  best  i n t e r e s t  a t  t h i s  
time to detennine what the t o t a l  content o f  radium-226 I s  I n  these tanks. 
I n  view o f  the several years worth o f  nonradioact ive excreta t ha t  have most 
recent ly  gone through the system, there I s  a very good chance t ha t  a substan- 
t i a l  f r a c t i o n  o f  the I n i t i a l  radlum content has been f lushed on i n t o  t he  dry 
wel ls. 

The amount remainlng I n  the sludge a t  the bottom o f  the tank, i n  suspension 
I n  the f l u i d  mass o r  entrapped i n  the f l o a t i n g  mat of organlc mater ia l  on the 
surface o f  each o f  the two tanks should be evaluated a t  t h l s  tim. as these 
represent a leve l  t ha t  I s  not  1 i k e l y  t o  chanoe markedly I n  the foreseeable 
future unaer c u m n t  operat ing condi t ions.  The imninent contract  t o  
the I n f l uen t  l l nes  t o  a ncw san i ta ry  sewage system rcqul res tapping I n t o  t he  
l i n e  between AH-2 above t o  the sep t i c  tank and I t  I s  o f  lmpartance t o  the  
Un ivers i t y  t ha t  we v e r i f y  the l eve l  o f  r a d l o a c t l v l t y  presently I n  t h l s  l l n e .  

I, therefore. r e c m n d  t ha t  any clean-out traps t ha t  e x i s t  I n  the l l n e  be 
/ 

opened a t  a convenient tfnm dur ing  the day and sanpies be obtained of the 
sludge and coat ing and/or contents a t  these points ,  p a r t i c u l a r l y  those c loses t  
t o  the po in t  o f  l i n e  interruption and va lv ing  t o  the ncw system. There I s  a 
chance t ha t  we may be requested to t r ans fe r  the contents of the two sep t l c  
tanks t o  s o m  outslde b u r i a i  p i t .  although my present I n c l i n a t i o n  I s  t o  leave 
the tank i n  i t s  present s tate.  An I n t e l l l g e n t  judgment can be made about the s/ 
d i spos i t i on  of the system a f t e r  the above-mentioned samples w l t h i n  the  sep t l c  
tanks as w e l l  as the I n f l u e n t  l l nes  have been obtained and measured. I t  would 
a lso be usefu l  t o  determine what the v o l u m  i n  the two tanks i s  a t  the cur ren t  
time, as w e l l  as what t h e i r  capaci ty  I s .  

cc: J. H. Stone 
H. 6. wol f  
L; K. Bustad 
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D r .  A. C. Andorsen 

Ro: Sub-Surfnco Swago  ~ i s ~ ~ o r o l  Systom f o r  
Ncw Wlng of Animal Q u a r t a m .  

; :. 'L. / /!f 
,: , A . .  

As p e r  o u r  conversat ion o f  Lhrch 30, 1965, with D r .  Colr lnn.  we 
wish t o  elqcross our  conccrn over  t h o  f r w u c n t  f n i l u r e s  n f  t he  sccpnpe 
p i t  s y s t c n  dosipned f o r  rccuptonco o f  wasto from the s c c m d  indoor  
a ~ r i r n l  u n i t .  I t  n a  a p p a r s  t h a t  t h e  r e p t i c  t m k  sys:o~n is f i~nct icm- 
ing atlyctntely.  hut  tho tlnanpe dono co t h o  p i t s  du r lnc  t h e  time o f  t h e  
s e p t i c  tank f o l l u r o .  i s  r t i l l  c ~ u s i n r :  t rouble .  I t  occurs  t o  u s  t h a t  
tho u l t ima to  so lu t ion  mny bo tho  i n s t a l l a t i o n  o f  a m n  adequate sub- 
su r face  d r a i n a ~ e  syrtcm. l l w w o r .  wo f o a l  t h a t  beforo going t o  t h i s  
oxpenso, sono mrn lnfornnr lon rhculrl be (tathe?ad. For t h i s  reason 
me ark t h a t  you institute the f o l l o n i n ~  aystem o f  t e s t s  and con t ro la t  

1. Re-chaqo t h e  t h r e e  r e o p a p  p i t s  wi th  concontra tod 
sodlua hydroxide rs before ,  t o  de te rn ine  h w  long 
it  w i l l  take for t h e  p i t s  t o  8 e a l  rrp anain. 

2.  I n s t f t u t a  a smpl ln:  procallurc, f o r  tho  do to rn inn t ion  
of P.Q.F. rsmmnl and nuspcndrd s o l i d s  m a 1  Cmn 
Lh0 s r ~ t i c  t ~ l k  Sp tQI l .  CO ¶tlzF?rt t h a t  s n ~ l p  br? 
ecrlloctcct fmm t ho  i r ~ f l o o n t  por t ion  c f  t h e  tmlk and 
from the J i s t r i h t l t i o n  hox each Clol~tlny, PeJnerJny 
n r~J  P t i i a y  ~ m t i l  a p n t t r m  can ba obsrrvod. 

S. Es tab l i sh  r r a r t i n e  f n r p e t i o n  p m w m  c f  tho  Jyttem, 
inclruiing clorrrninorion o f  t l ~ e  w s t r r  love1 i n  t h o  
p i t s  hy m o ~ s  o f  the  depth ~ a ~ t g t s  rmvic!eJ by t l * r !  
con t rac to r .  I ~ p 0 C t i 0 n  cxn he a c c o w l i s h e d  n t  tlic 
t i n e  nC t h e  sample co l \ ec t io t t ,  an4 s l t t n ~ l ~ l  I t t c l t~~ l*  
dctcr . r innt lcn o f  the tlcpth sf t h e  a n t  i n  t h e  C j r s t  
carpnnmont  o f  ead t  tnnh, o h s o n n t i u ~ ~  of tho wrrtct 
lor01 fn  tho  rcconcl c c ~ e r t m : ~ t  i n  r e l a t i o n  t o  ?he 
e l eva t ion  o f  tho  a r t l o t  T. v m i f i c n t i r m  o f  wclter 
flow t l l rmr~h  tho J i t t r i l r ~ t i o n  box. 

In t h i s  wny, we b e l i e v e  w e  ern bo rmtrrad o f  tho  pmp.?r f tmr t ton-  
inl! oC t l ~ o  s o p t i e  tnnk GO as t o  p m n n t  claaaflo t o  (lutun, syrtc..r0. 

Richard 5 .  Holdstock, R.S. 

RrJl:db 
cc: O r .  t Irrvin Coldman 



DAVIS: SCllOOL OF VCrCRlNARY LIrDICI: 
September h ,  1963 

TO 1 Fred Cogper 

SUBJECT1 AEC Pro jec t  Waste Disporal  

I n  the  l i g h t  of our cu r ren t  axpanr im.  we w u l d  l i k e  t o  review rome aspec t s  
of r ad ioac t ive  wart. d l r p o r a l  with your o f f i c e  and o b t a i n  your col l r rn t r  on 

r c e r t a i n  proporal.. 

1. Current s t a t u s  - Only srSo w u t e r  a r e  being produced by our dogs. Ute, 
treatment lmt opera t ing  on a 20 day cyc la  i r  d i scha rg ing  about . -  

1 '  5 - m - Z - S r L  -pe. y e u  t o  t h e  laaching f i e l d  fo l lowing ion exchm(.. Ex- 
a r e  d l rpo red  of coamuc la l ly .  

Future  r t a t u r  - A. Uar te  t rea tment  p l m t  w i l l  a c c e l e r a t e  d ischarge  r a t e  
and d e p o r i t  about 10-15 uc  ~ r ' O / ~ e a r  f r m  a 10 day cyc l ing  period. 

B. M t e r  feeding per iod of s r e o ,  dogs w i l l  be meintained 
i n  ou t s ide  pem on non-radioact ive  food. The i r  body burdew wil19$e- 

( c rease  causing su r face  contamination a t  a -1- r a t e  of 3 uc Sr  /da. 

i Half of t h i n  w i l l  be u r i n a r y  m d  deporitmd a t h a  r o i l .  Half w i l l  be 
f e c a l  exc re t a  vhich 10 r e w v e d  da i ly .  Thru wer t h e  O y e u  e f f e c t i v e  pen 

i period, an average of 500 uc /y r  of u r i n a r y  Sre0 plum 500 uc/yr f e c e r  a r e  
t o  be conridered. 

N.B. The p ro jec t  r i t e  now con ta ins  about 800 uc  Sr" a. a r e s u l t  of a t -  
morpheric n u c l e u  de to ru t ions .  (About 200 uc on pen r u r f a c e  area) .  

C. It i r  propored t h a t  t h e  d a i l y  f e c a l  warte (about 
35 Kg/da) be buried i n  an . appropr i a t e  r a n i t a r y  d i t c h  without r ad io log ic  
safeguards being imposed. Decanporit lon w i l l  r e s u l t  i n  M e s s e n t i a l l y  
massless "veinoo of s r g O  a t  t h i r  r i t e .  Lf r a d i o l o g i c  r u l e r  prevent such 
handling, i t  is a l t e r n a t i v e l y  s u g g e r t d  t h a t  t he  waste be regregated 
with the  3 h ighest  l e v e l r  r ece iv ing  s p e c i a l  handling. (There w i l l  con- 
t a i n  90% of t h e  n a t e  i n  about 1 /3  t h e  t o t a l  vol-). 

3. Flaaaa Inject ions .  
\ 

A. A r i m i l a r  s e r i e r  of dogs ill each r ece ive  8 \, ' 

equal Flaaaa In j ec t ions  over a f i v e  month r i n g  t h i s  tim they 
w i l l  be confined i n  s p e c i a l  cage.. Of the  t o t a l  5.3 Mc ha" in jec ted  
about 3.5 w i l l  be exc re t ed  m d  m a t  be disporad o f .  0.8t-*-"). 1 
I E  a11 concentrated, wer te  vould a n i t  - 30 R/hr a t  1 cml) 

6. C l u n l n g  cages d a i l y  w i l l  produce a mlninnnn of 
waste. Add a m  l /dog/da f o r  washing m d  y i e l d  is 

a t  0.7 uc Ra/l;  enough t o  f i l l  530-30 g a l l a  dnma 
(@ $48 ea )  f o i a  c o s t  of $25,500 plum labor .  

C. It i r  propored t h a t  d a i l y  fccnl werte be manually 
removed m d  packaged f o r  o f f r i t e  bu r i a l .  (180 dogs x 200 g/de/dog) 

LO Kg/de. Urine v i l l  be c o l l e c t e d  i n  30 g a l  drunu. Cage v r rh ings  
w i l l  be co l l ec t ed  in  a separatm 10-15,000 g a l  s e p t i c  tank f o r  u l t i ~ t e  



disposal or  discharge basad on level. T h i s  could be processed by Ion 
exchange and the e f f luen t  
dinposed of off r i t e .  

\ 

l i m i t  r ince m a t  of the highest dog8 m i l l  not l ive  Lor 10 years). 

E. It  is proposed tha t  the ~a'" feca l  waste ( a  t o t a l  
of about 500 uc ~a'" In 10 yeerr be buried l o u l l y  i n  a r imi le r  faahion 
to 2 C above. 

N.B. F ed ing  rcgulat ioru perrit 1.2 &/ye bu r i a l  of srm0 + ~2".  

I. Dacirions a r e  r e  ucsted on the follovfng. 
1. ~rmO + R>ar w a t e r  be dis-ged t o  under- 

ground leach lines. 
2. CM sreo + ~a~~~ bm b u r i d  l o u l l y .  
3. Vht are  the limit8 f o r  4 64. 
4. Vht c 8 m p u  pol ic ies  u is t  i n  these l u t t e r r .  

F O R M  71QP REV. am 



7ubJcotr DeeLrur C r i t e r i a  f o r  Absorption Trench-A= Project  110. 6. (' ~6 c,.*.g 
. /; I )  . .. I d 

Ao per our preriouo dioouaoion, m hare ooopleted p e m l n t l o n  t e s t s  
to  oa t !~b l lah  J c ~ t i m  c r i t e r i n  f o r  a  deep absorption trench f o r  the  e f f luont  
from thc At.C Projnct No. 6 Zwsq. Dinpoml mt. DUO t o  tho high deerre 
of t reatmar~t  affordad tho e f f luen t  from th lo  plant,  i t  ram daoided not t o  
uso the utttndird cor~rorolon f r ~ o t o r  fo r  sep t ic  W ef f luen t  (It.6 of the c l a m  = 
u~l tor  rato) .  Inoterd of the flguru, i t  m o  b c i d e d  tha t  1O.i w u l d  o f f e r  
a reaaonahle nu~irr of o a f e t ~ .  Prori~lod t h r  f i e l d  is i n a t r l l e d  am out l ined .- 
br*low, there w i l l  ba euf f lc ion t  aron r.nilrrblo f o r  100% rrplaoommt of the  
i ~ r i t i a l  oyet-m, i f  the  10% figtwo mhould appear t o  k too U b e m l .  

Tho absorption q o t e m  mhould oonnlot of a  b' long, 6' deep, m d  2' 
wide trench, with a  4' l a p ?  of 4" t o  8" cobbles in the bottca, cowrod 
with n 6" l a j q r  of 2" t o  3" p-1. four  hch opon i r r i w t i o n  tUm o r  4" 
cron~?bure  ebould then be l e w l e d  and oonterod dam the on t i ro  length of 
t l ~ n  tronoh. Tho 2" t o  3" -re1 ohodd  than k f i l l e d  prmmd and t o  2" ah- 
tlre t U e  o r  omn@ur~.  Tho rw)r8 ahould them k oorrred wlLh two lnohco 
of buled otmw MJ bllckfilled with d i r t  t o  three lachem abo- the  l e w l  of 
the our round in^ cround. Sinoo i t  -7 prove o o c o o a q  t o  add mom t o  the  
l*tnChll6 f i s l J ,  a man hole with a t igh t  meded o w c r  should be Fast-tiled 
cloaa t o  thc oontnt of the 'a* l i n e ,  to  r o t  am a d la t r ibu t lon  box, The 
fiolr'. ot1ould be looatnd 10' from buildl~cgm and p m f o r m b l ~  no clnoe 
to tlre Sowqr mnnt  em poaoihle. 

n 
Sirrco t h i e  eyotao i a  t o  r e p h o e  & ax imt in(~ loaah  t i o l d ,  va v ~ u l d  

np,,roainte be in^ udrbmd of the tima t h ~ ~ o t i o n  w i l l  aorrtmoe, eo 
that we can keep prohloas duo t o  o-r flowing ~~~• t o  a  rin- 

I(,iltt r h  
ccr A. Y, llutf 

FORM 71QP REV. %(LO 



nlchnrd li. nolubnch 

.iubJcatr Deelp~t C r i t e r i a  fo r  Absorption Trmch-A= Projeot  140. 6. r '  ,f: t;-.,Q 
. ,  /, * * , . )  

Ao per  our prwrioua diooruoion. we hnre oomplmted percolrrtion t o a t e  
to  o a t ' ~ b l i n h  d a t ~ i m  c r i t e r i n  f o r  a dnep absorption trench f o r  the  e f f l u e n t  
f r u a  tllc hr:C Yrajoct No. 6 Zonge Diapoaal Plant. Duo t o  the high decree 
of treatmoat affordod the  e f f l u e n t  from thio plont,  i t  m e  daoidad not t o  
u;o thc utrlndlrd courora im frtotor f o r  eent ie  tank ef f luen t  ('15 of tlte c loor  , 
u!ntar rato) .  Instend of t h e  4% f lgur r .  i t  woo decided thot 1O.x would o f f e r  
a rcooonnble mugin of o a f e t ~ ,  Prori~lod the f i e l d  i a  i n a t o l l e d  am oukllned - 
bt-lor, the re  w i l l  be auf f ic ion t  a ren  r u b l e  Cor 1001 rrplncomaat of tho 
l ~ t i t l a l  oymt=m, i f  the 10s f igure  mhould a p p o u  t o  bo too l ibern l .  

Tho absorption o70tem mhould oommiat of a 60' lone, 6' deep* and 2' 
wiflo trcncb, with a 4' l a j e r  of 4" t o  8" cobhloa in the  bottcs. coverod 
with n 6" l a j w  of 2" t o  3" w w l .  Pour iach opon i r r i ~ t i o n  t i l e  o r  4" 
crclngtburc ehould then be I r w l o d  and o8ntered doua the e a t i r r  1 0 ~ 8 t h  of  
tltm tronoh. Tho 2" t o  3" mrrl ehould than be f i l l e d  s r o ~ d  and t o  2" ahnm 
tlia tLle  o r  orant.1)bus-g. Tho rook8 ahould them be oorered with tw inohcn 
of b l e d  atrow nnd backf i l l ed  with d i r t  to t h m o  inchem above t h e  l e v e l  of  
tlte eur roundin~  p u n &  Since i t  MJ prow n o a o s r y  t o  add ~ o l r a  t o  tho 
lq1nctrirr6 f io ld*  a man holo with 8 t l g h t  meded ooror ehould be i n s t % l l o d  
c l o ~ o  t o  thc oontmr of the  '40' l l n o *  to  not a8 a dta t r ibu t ion  box. The 
t io ld  ollould bn loont rd  10' fmm MJ b u i l d h g n  and p r e f o m b l 7  ao clnso 
t u  tlte riower P l a t  em paaoible, - 

f Sirice Chi8 .,atom is t o  rrplnoe an ..imtin&\aaah Clold, v r  would 
np~,rnoiate br ine s d r h e d  of the  time t h k m o t i o a  w i l l  o o m n c e *  ao 
tlint we oan keep prohlem due t o  over flowing 8-• t o  l minims. 

nichnr.1 S. 1Ieldr;toek 
raoirorur.mtn1 Ilcalth h t a f c t y  Tcehn lcl-n 
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DAVIS: SCI4OOL OF VETEVl lJARr  L I C D I  

Dr. Fred N. Cooper 
Student Heel th  
Campur 

Deer Fred: 

We n w  ere ready to begin our chronic s r90  feeding program. 
Aa you hw, ve have conducted revere1 t e a t #  of our fac i l i t i am over 
peat month., end, D r .  h u f n u n  recent ly revieved the radioect ive 
dirporel  ryrtem. H i m  rugperrionr for  incraaeing the e f f ic iency  of 
operating th ie  e y e t n  have been completed ea daecribed i n  the enclomed 
l e r t a r .  We e re  e t e r t i n g  the e r p e r h n t  v i t h  dome leve l  0.3, vhich i r  
our l o w e t  (WC)  srgO t r e a w n c ,  and one t h e  w i l l  enable a f i n a l  
check v i r h  m i n i a a  hesarde before ectempcing to r t e r r  higher dore 
level.. 

If  you have any mug~eaciona, pleame contact  ma. Aleo, ve 
vould be delighted co have you v i a i c  chr p ro jec t  whenever i t  may be 
convenient. 

Sincerely,  

A.C; Anderran, VW, PhD 
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APPENDIX A. 1.2 

DOCUMENTS FROM LEHR 
( I IMOFF SLUDGE DATA ) 



IHHOFF SLUDGE SAMPLE 51123184 

10 Min Counts Total  Counts 

Background 3 l i t e r  17,034 

Standard 0.9 u C I  64,524 

North 1 1.384.984 

North 2 1.647.217 

Ues t m 921.140 

South m 89,980 

Tank 3 729.269 

Net Counts 

, Standard C i  Net Samples cn ts  , U€llllter 
standardYnet c n t .  ( 3  1 i t e n  ) 

Total  gal  . 3.785 &/gal x dl/& = t o t a l  uCi a c t l v l t y  

North average counts 

1,499,067 

Sample a c t t v i t y  = Jq&p-#= = 9.47 UCI/& 

West 

Sample a c t l v l t y  

South 

S r p l e  a c t t v l t y  %$&$f-)- - 0.46 r C I / &  

FORM 71QP REV. 2-00 



TANK 3 

Sample ac t iv i ty  

Total Sludge 12.321 gal .. 
Total Act lv l ty  320.7 Kt/. 

IHHOFF DIMENSIONS 

Depth 6.0 ft. 

YIdth 3.5-ft .  

North 32.0 ft. 

Yest 39.0 ft. 

South 25.0 ft. 

FOAM 71QP AEV. 2-80 



Max. capacity - 3, 

*- Locatlon of sample taken 





ACQGRP 1 ALIC 1 23-MAY-6'4 08: 33: 26 
T O T A L  10000090 5023 23-MAY-Y4 05: 23: 26 
L I V E  00: 10. 00 06: 10: 150 
HEAL 00. OI:I 00 00: 10: 60 
QUAD 0 000 SLOF'E 1.606 ZERO 0. 000 
BKG 3 L I T E R  

,,-> 



ACQGRP 1 ADC 
TOTAL 10000000 
L I V E  00: 10: 00 
R E A L  00.00: 00 
QUAD 0. 000 SLOPE 
SR 90 WASTE STD 

1 2 3 - R A Y - 8 4  
648 1 23 -RAY-84  

00: 10: 00 
00. 10: 00 

1. 000 ZERO 



ACQGRP 
TOTFIL 
L I V E  
R E A L  
12UFID 
NORTH 

1 ADC 
1 OOO~)OC)C] 
0 0 :  1 0 :  00 
0 0 .  00. 00 

0. 000 SLOPE 

1 22-MFIY-84 
4 3 9 4 8  23-RFIY-84 

0 0 :  1 0 :  00 
0 0 :  1 0 :  0 4  

1. 000 ZERO 



ACQGRF' 1 L+DC 1 23-MAY-134 
TOTAL 10000000 505 14 23-RaV-84 
LIVE 00: 10: 00 00: 10:OO 
REaL 00: 00. 00 00: 10: 05 
OUAD 0 006 SLOPE 1.000 ZERO 
NORTH 2 
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ACQGRP 
TOTAL 
LIVE 
REAL 
l iUAI j  
UEST 

1 ADC 1 23-NAY-84  
10606000 3 10 13 23-RAV-84  
06: 16: 00 00: 10: 06 
06 : 00 : 00 00: 10: 03 

0. 000 SLOPE 1.000 ZERO 
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ACQCRP 
TOTAL 
L I V E  
KEAL 
QUAD 
'5OUTH 

1 ADC 1 23-MAY-84 
10000000 2285 23-MAY-e4 
00: 10: 00 00: 10: 00 
00: 00: 00 00: 10: 00 

0.000 SLOPE 1. 000 ZERO 



I a t ~ c  
100000~~0 
00: 10: 00 
00: 00: 00 

0 000 SLOPE 

1 13-MFIY-54 
13041 : ~ - R F I Y - ~ ~  

00: 10: 00 
00: 10: 02 

1. 000 ZERO 

T O T A L  
L I V E  
HEAL 

642852 

0 ..- 34244 
34438 29035 
19623 12317 
8854 9983 
2370 3255 
1141 1084 
837 765 
6 17 600 
405 41 1 
31 1 295, 
229 230 
187 186 
169 167 
l l t  138 
124 133 
73 85  
84 93 
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LIST OF AVAILABLE DRAWINGS 
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STRONTIUM 90 PROJECT PAGE 1 OF - 

I L o c a ~ i o n  N p .  P ~ O C  Plan and D e r a i l s  
I I 

I A - 1  1 01419 
I I 

OAAWIffi TITLE 

PHASE Y 1  (1958) 

I I 

Floor Plan and Elevations 1 A-2 1 01420 
I I 

a d  Door D w s  I A-6 1 01422 
I I 
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p ~ o ~ E t T  UDIOBIOLOCY LABORATORY CAM 3750. 3792, 1816 

STRONTIUM 90 PROJECT P n ~ c . 5 ~  3 - PAGE OF - 

I I 

Additions - Floor Plan A- 2 DL57R 
I I 

DRAWING TITLE 

PHASE 6 3  (1962) 

Additions - Plot  P l ~ n :  m r .  W i n d a v ; r n d ~ i n f a h *  

I I 

Additions - E- 
. I nf.270 

DWffi. NO. 

A-1 

I I I 
( Addirions - Window and Door D e t a i l s  I A-7 1 04583 
I I I 

INDEX NO. 

n ~ q 7 7  

Additions - Ince r io r  Elevations 

A~CiCions - Cabinet Seccions and S~D- 

Auaicions - Root Plan and Decal ls  

I I 

Mdiciona - Miscellaneous Dec8ils I A-8 1 04584 
I I 
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A 4  
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7J i ons  - i c r u c c u r a l  - k~ound~c ion  Dacaila 
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COMPARISON OF THE CARCINOGENICITY OF 
RADIUM AND BONE-SEEKING ACTINIDEST 

om0 C. M E  
Laboratov for Energy-Related Hulth Research and Deparunent of hdiologcal Sciences. 

School of Veterinary Medicine. University of Califorma. Davis. CA 95616 

(Received 18 Ocrobcr 1982; accepred 17 Auwr 1983) 

Abstract-The relative effectiveness of nine bone-whng ra&onuclides with their progeny for 
the production of mabgnant skeletal tumon (mostly osteogenrc sarcomr). principally by 
chronic alpha-pamcle irradiation. a examncd with available data ob!ained from lifetime 
studies at three laboratories of pure-bred beagles expored to graded dosaga in controlled 
exocrimenu. The Lifetime tumor dose-ratc:ume-r-n relalionstup obsmed in beagles 
injaud with *'Ra at the University of California at Datis. in which 123 cpvr of bone cancer 
(989., ostanarcoma) have baa observed for dose ntts between 0.05 and 20ndlday. provide 
the basis for companng the induction of bone a n a r  by the other ndionuclides. All nine 
radionuclide studies were found to demonstrate with hgh precision (a, < 1.2) a three- 
dimensional lognormal mponse relatloaskup r raroted in two dmens~ons by the.equauon 
of the time to death from bone a m  r = J'-'. when I is b e  e l a m  dm. to &a*. D 
is the average skeletal dose rate, K is a parameter charactemtic of h e  radionuclide. risk level 
and exposure details. and S observed to k 0.29 (0.01 SE) and suggested to kelactly one-third 
for all the nine radionuclides. The rnulrs show the relative biologd eBcctivcness (RBE) for 
bone-cancer induction potency with rc~pact to radiation ex u from -Ra 10 be 3.0 for 
=Ra. 6.4 for " ' ~ m .  6.6 for l*Cf. w f  and yJEr 9.0 for %, 10.7 for %. and 15.5 for 
'"Pu. The obxwcd RBE values arr intcrpmed in tenns of the relative exposure of sensitive 
alls of the skeleton since they all involve primarily alpha irradiation. Suling to people is 
accomplished wing a response ratio (RR) of 3.6 with respect to kagla. 

NOMENCLATURE 
b the average radiation d o x  rate (md.day) to 

skeleton for a given bone-rocking radio- K- 
nuclide from kgnning of exposure until 
death for an individual combining maga K D  
from alphas. kus. h o n  product and m i l  in 
nuclei 

E the a m p  energy in MeV of par tmhte  
n 
r 

ra&orctive &ions per d u i n ~ n o n  of 
the p a m t  in a radionuclide chain induding m k  
alphas. kus. W o n  product and m i l  nu- 
clei 

i cuc numkr 
K a chProctcristic parawm (corresponding to 

a designated kvel of cnnaa nsk) of the three- 
dimensional lognormal . dore-rate!time RR 
rrrponx.function of cqn (I); its diwPrionr 

+Supported by thc M a  of H d t h  and Environ- 
m a u l  R e a r c h  of the U.S. L k p ~ m ~ n t  of Energy 
under contract EY-76C43-0472 with the University 
of CaIifornia. mvis. CA 9561 6. , 

are the ( l - S) power of time and S power of 
cumulative dose 
the value of the parameter K for which the 
risk is 0.5 (the median nsk) 
refenna \due of K 
r t  of intcgm ured in summation 
number of mscs uscd in summation 
the coda t ion  d d m t  of a Least-squares 
rrpasron analysis 
the independent probability whose value is 
between 0 and 1 of an individual succumbing 
to r specific effect assuming that thm are no 
other potnble eflecu; the independent proba- 
bility P (r < T )  of ruccumbing at a time. I. 
a r l i a  tb.a a zpcified time. T 
the interspecies response ratio given as the 
ratio of t.bc cumulrtivc a b o r b d  d o r  for a 
speclfic tissue of a specified radiation in a 
given tpda to the cumulative absorkd dose 
in tbe conapoading tissue of the same radi- 
ation d e l i 4  at the umc average dose rate 
in a rrfcrmcc rpocia yielding the cqwvalent 
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b~olopcal response or analoeous cumulatrve 
nsk. RR 15 also equal to the ratlo of the 
mpectlve tlmes requ~red after exposurc be- 
plns to yeld the eKcct and is equal to the 
rcc~procal of the.rclat~ve bidopcal vnuunry 
(RBS) 

RBE rclat~ve b~olopcal etTcctweness. the expm- 
mentall! determined rauc of the curnulaove 
absorbed dose orreferencc radiat~on (or base- 

s 

5' 
SE 

1 

f~ 

z 

'I 
'I' 

l~ne ~ r rad~a t~on  pattern) to the cumulat~ve 
absorbed dose of a rad~ation (or lrrad~at~on 
pattern) In questlon required to product an 
~dent~cal level of b~olopcal response (dunng 
an   den tical pcnod of tlme and other condl- 
tlons bang equal) In a panlcuiar expmmrnt. 
organism or ossue; the ratlo of the average 
dose rate to a chosen tissue leading to a 
panicular b~olopcal endpolnt at a pvrn time 
for a referena radiatmn to the average dose 
rate to the same tlssae leadlng to the same 
cndpolnt at the sanr tlme for a rpclficd 
rad~at~on 
the negatlve slope parameter of the t h m -  
bmens~onal funct~on ( q n  3) that character- 
lzes the slopc of the twod~mensional l o p -  
nthmic dose-ratedtime-respow hne (eqn 2) 
for a designated level of nrk 
reference value of S 
the standard error associated w~th an esomate 
of a mean value 
the time that elapses between bepnnrng of 
exposure and the observed rnponsc 
the approximate med~an normal hfcspan of 
unexposed lndlv~duals measured from the av- 
erage tlme of llutial exposure for e x p d  
~ndiv~duals 
= ( r - i)au. the standardized normal denate 
of a Gauss~an dlstnbuuon pven by tbc rauo 
\nth mpect to staadard denation of the 
diflemcc between a pven value and tbe mean 
the m p r a m l  of S 
mprocal  of referma value S* 
Ihc Reometnc standard dmauon of a log- 
normal dose-rate 'omt-response funcuon de- 
m b l n g  the d~stnbutron of t ima to death (or 
K valua at different nsk kvcls); the anti- 
lognthm of the lopn thmc  s w d a r d  den- 
atron which IS the root m a n  square error of 
tbe lopnthms of o m  to d u t h  mtb respect 
to fitted eqn (2) 

THE RELAT~VELY long-lived bone-skmg ra& 
nuclides including radioisotopes of the  actinide 
d m e m s  may lead t o  the long-term chronic 

alpha-particle irradiation of bone if deposited in 
the skeleton of an  exposed individual. Bone- 
forming and bone-model ing a i l s  may be irra- 
diated to various degrees depending upon the 
characteristics of the radionuclida, including 
rypcs of emissions. radioactive decay rate. and 
patterns of deposrtion and retenuon in bone. 
Irradiation of bone a i l s  may occur at relatively 
high dose rates in occupational exposures and a t  
relatively low dose rates due  to environmental 
exposures. Such irradiation may lead to  malig- 
nant bone tumors. particularly osteosarcoma. 
Several bone-seeking radionuclides have been 
subject to  experimental studies using laboratory 
animals. including naturally occurring "'Ra. 
"'Ra and "'Th and nuclear reactor-produced 
:38pu, :?9pU, ?"Am, 249Cf. ="Cf and "'Es. 

Comparisons of experiments with laboratory 
animals to human responses to  bone-seeking 
radionuclides is based principally on the acci- 
dental and therapeutic exposure of people to 
"bRa and =Ra. particularly in the case of those 
women who accidentally ingested "bRa during 
the painting of luminous dials on clocks. 
watches and other instruments earlier in the 
twentieth a n t u r y  and those people who were 
pven dosages of "'Ra for medical purposes 
(Ev74). Studies of these cases have been the 
basis of standards for other internally deposited 
radionuclides in people and for scaling radiation 
risks from laboratory animal results to  people 
(Ra80). 

The modern nuclear industry involves the 
production and use of several bone-seeking 
actinide radionuclides. particularly =Pu. '%I 
and 241Am. The possibility of both occupational 
and environmental exposure of people to  these 
radionuclides has already bcen realrzed in acci- 
dental rcleaxs rod worldwide fallout. For ex- 
ample, the average person in the  United States 
is known to have a % skeletal burden of 
about I pCi Wc81).  Other radionuclida with 
nuclear industry applications include the cali- 
fornium isotopes "Tf and  LP€f as well as the 
more unusual U ' ~  The advent of the thorium 
fuel cyck has incrt.sed the potential i n t t m t  of 
the natural thorium radionuclida. including 
T h .  These radionuclida t o g e d m  with h e i r  
respective d a y  products all result in alpha- 
panicle irradiation d bone. H e w t  the various 
radionuclides compared i n  this study include a 
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spectrum of matenals of both practical and 
theoret~cal interest. The principal characteristics 
of these nuclides arc summarized in Table 1. 

Raabe el al. (Ra80; Ra8la; Ra8lb) have 
shown the usefulness of describing the bone 
tumor dose-response relationship for U6Ra in 
beagles as a three-dimensional lognormal rc- 
sponse surface in which the coordinates of the 
response surface arc natural logarithms of aver- 
age skeletal dose rate from the irradiation. 
logarithm of time to death after beginning of 
exposure. and risk. They further applied the 
same model to the available human data and 
found a plausible parallel relationship displayed 
by a response ratlo (RR) of 3.6 such that the 

tlme to death at a given dose rate (or U6Ra bone 
concentration) was found to k 3.6 times longer 
for people than for beagles. People were thusly 
found to be only 0.28 times as sensitive to 26Ra 
bone irradiation as kagles and this factor was 
called the relative biologcal sensitivity (RBS). 
They also showed that RR was 10 for people 
relative to mice with an RBS of 0.1 so that 
people appear to be only 0.1 as sensitive to U6Ra 
in bone as mice. These results provide a basis for 
scaling between laboratory animal sptcles and 
man in the case of carcinogenic dose-rate:t~me- 
response relationships. 

The purpose of this current evaluation is to 
compare the response relationships for bone 

Tabie I .  ProprrtLs o/sehcred bone-seeking radronucirdes incivdurg physics-holf-l$r (T,?), a l p h  
energ? (Q.). k t o  energ!. (Q,). firsion fragment energy (Qb) a d  m r a g e  I O I ~  m r g y  (f) P(I 

dirintegrorlon of parent (from Lc67 and Ho72 )  

'P:t, Is r r r r :  of radon daughter t o  rei -r  D v c n t  a c t i v i t y  (t116) 
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w n n r  in beagles for 26Ra a d  other long-lived 
alpha-emlttinp bone-seeking radionuclides to 
provlde estimates of the relative biolopcal 
effectiveness (RBE). Thm RBE values with 
respect to "'Ra for borx cancer in beagles can 
be multiplied by the respective average dose 
rates to yield the eqcwalent "'Ra dose rate to 
bone and then scald to people using the appro- 
priate response ratio. These results can then be 
used to estimate rhe risks associated with human 
exposures to these radionuclides including those 
permitted by exisrinp occupational exposure 
srandards. Averagt:gavimetric dose rates to the 
skeleton are used rather than calculated dose 
rates to cells at h e  surfaces. since these calcu- 
lations are not ce~tain. The observed RBE val- 
ues from average doses should be indicative of 
the relative Irradiation of the sensitive cells of 
the skeleton which will prove useful in esti- 
maung the effective doses to bone surfaces. 

m o m  
Anab.sts 

To e\.aluare the three-dimensional dose- 
raretime-response relationships for a variety of 
sets of experimental data involving exposures of 
beagles. a two-dimensional graphical prescnr- 
ation representing the threedimensional phe- 
nomena was prepared as described by Raabe cr 
al. (Ra80). This procedure involved coding each 
beagle succumbtng to bone cancer during life- 
time studies as a separate datum plotted with 
respect to 1opa;ithmic coordinates of elapsed 
time from beprning of exposure to death and 
average dose rate to skeleton, 6. during that 
exposure tlme (SIC Appendix for nomenclature). 

The lognormal model (Ra80; Ra8 l b) involves 
a basic dose-ntejtime-response relationship 
pven by 

where r is the elapsed time to death after initial 
exposure associaad with the appropriate value 
of the parameter; K:.and S is a constant. This 
function in loprithrma coordinates is given by: 

function is f i t  by feast-squares regression anal- 
ysis whicb prowdes maximum likelihood esti- 
maton of mean values of In K and S if the errors 
associated with loganthmic d a b  points am nor- 
mally distributed. Since each datum can be 
viewed as representing a separate estimate of 
In K if S is known. the resulting fitted line 
k o m e s  a dose-rate!time-mponse plot w th  the 
chosen value of S obtained by the regrcsslon 
and the fitted value of In K defining the median 
of a threedimensional lognormal cumulative 
dose-rateltime-response surface such that 

I n r  = I n K , + Z I n a r - S I n 6 ,  (3) 

where In is the natural logarithm. r is the time 
to death. K, is the fitted median nsk value of K 
and In K = In K, + Z In ar (K = K-a,'). Z is the 
standardized normal deviate equal to zero at the 
median, ar is the geometric standard deviation 
of K (or regressed r )  values. S is the negative 
slope parameter. and 6 is the average dose rate 
(Ra8lb). The risk (indicated by Z for a cumu- 
lative normal distribution) is the independent 
probabilit!. (value between 0 and 1 )  of an indi- 
vidual succumbing to bone cancer assumlng 
there are no other possible effects: it is equiv- 
alent to the cumulative incidence rate used by 
Rosenblart er 01. (Ro71). This relationship de- 
scribes times to death that are lognormally 
distributed uith geometric standard deviation. 
a,. for a given dose rate. as well as dose rates 
that are lognormally distributed with geometric 
standard deviation a,' (where rl is the kiprocal  
of S )  for a pven elapsed time. 

After eqn (2) was fit by Linear least-squares to 
the selected n cases of bone cancer to obtain 
estimates of S and In K, the geometric standard 
deviation of K (or time values about the fitted 
function) was calculated using each i case by: 

Then the standardized normal deviate is given 
by: 

where In is the naturad logbihm. This Linear and ck TU)1 CILIL' be accurately approximated 
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using a standard algorithm for the area under a 
portlon of a normal distribution (Ab64): 

1 (- ])"Z'"+ 1 )  
RISK = 0.5 + f 

J 2 n m - o ( h  + 1)(2")rn!' 
(6) 

where the rn values are integers whose values 
bccome large enough to yield the desired small 
error. Equations (5) and (6) provide a predictive 
model of risks with time given the dose rate and 
values for the parameters k;. S and a,. 

The use of inditidual observations of tumor 
death times does involve a possibility of bias due 
to competing risks at high dose rates (where 
other nsks arc apparent) and low dose rates 
(where apng deaths occur). Thox  few bone 
cancer cases in thex two repons were not used 
in fitting the response functions. As discussed by 
Raabe t r  01. (Ra83). it is inherent in t h s  model 
that all expoxd individuals will eventually suc- 
cumb to bone caner  (risk = I )  given enough 
time in the absence of competing risks. The 
exact percentage of bone cancer cases depends 
upon the nature of competing risks. It is the 
underlying independent risk distribution that 
was studied here. 

Relarire biological eflecrireness (RBE) 
The relative biolopcal effectiveness (RBE) is 

given b!. the ratio of the cumulative dose of 
reference radiation to the cumulative dose of a 
given radiation yielding essentially the same 
response. Sinu time to effect must be the same 
for both the reference radtation and the one 
being tested for responvs to be equivalent, tbe 
RBE is the ratio of tbe average reference radi- 
ation dose rate leading to a panicular biological 
endpoint at a given time to the average dose rate 
leading to the same endpoint at tbe same time 
for a specified radiation (Ra8l b). Hmcc, if the 
skeletal irradiation from 3Ra yields a given 
level of risk at a time to death. r ,  with average 
skeletal dose rate from and progeny given 
by: 

and if another skektal i d a t i o n  pattern from 
another radionuclide in bone has a response at 

the same level of risk and time even by: 

then the RBE is grven by 

RBE = (K'Y =-r.-v, 
rb, (K)' (9)  

where q is the reciprocal of S and q* is the 
reciprocal of S'. If S = S' then the RBE is the 
same for every post~xposure time period with 

K* ' 
RBE = (T) 

Usually the K and K* are chosen for the median 
risk (Z = 0 in tqn 3) for calculation of the RBE. 

Sources of &fa 
The compared cases of bone canur  induced 

in beagles by "bRa and the other bone-seelung 
actinides were obtained from pro- q o n s  
published by t h m  laboratories sponsored by 
the U.S. Depamnent of Energy in which care- 
fully controlled lifetime studies with purebred 
beagles have been conducted (Bo80; In81; 
Rad80). Analyses were performed for deaths 
from bone cancer or for individuals terminated 
from the studies due to imminent death from 
bone cancer. These data include 123 c a m  of 
bone cancer in kagles from skeletally deposited 
""a pven as repeated intravenous injections at 
the University of California. Davis, Laboratory 
for Enern-Related Healtb Research; 56 cases 
for skeletally deposited =Pu s ~ k q u e n t  to in- 
halation exposure at tbe Lovelace Inhalation 
Toxicology Research Institute. Albuqueque. 
NU; and 41 cases for =Ra; 40 cases for 
44 caxs for ZPTh; 58 C~SCS for % 29 cases for 
="Am: 10 cases for -Cf; 6 cases for Wf; and 
1 case for B3-h ghm as a single i n n -  
venous injection of orre radionudide at the 
Radiobiology Laboratory of the Univeisity of 
Utah. Salt Lake City, UT. Of these 408 cases of 
bone tumors, all but 13 were dtScribed as 
orttogcnic sarcoma. Although the diagnoses as 
v n e d  in thest p r o m  ~ R S  must be con- 
sidered tentative, the general analysis performed 
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herein is designed to clarify the overall re- 
lationships and should not be sensitive to small 
variationr 

In these studies. inadation of the bone begns 
with the initial administration and continues for 
ths life of the beagle as determined by the 
skeletal retention of the given radionuclide and 
the bone mass. The administration of radio- 
nuclides by discrete dosage levels (pCi/kg) docs 
not result in identical skeletal dose rates for all 
dogs in a given dosage level because of 
differences in growth and retention among indi- 
viduals so that each beagle should be separately 
evaluated as much as possible with respect to 
dosimetry. A threefold difierena in lifetime 
average dose rate appears possible wthin a 
s~ngle dosage group. Where whole-body count- 
ing was no1 performed. greater dosimetric un- 
ocrtalnty should be expected. Doses were calcu- 
lated by the vanous laboratories by summing all 
particulate radiat~on energes including appro- 
priatc alpha. beta. fission product and recoil 
nuclei energies (Table 1 ). 

To determine the average radiation dose rate 
received by beagle bone during an extended 
penod of exposure, the skeletal mass must be 
known. In the Davis studies the average beagle 
skeleton weight was'assumcd to be 8.47; of the 
body weight up to 540 days of age and un- 
chanpng thereafter. The Utah and Lovelaa 
studies made similar assumptions but Utah 
assumed that the beagle skeleton was 7.5% of 
the young adult body weight and Lovelace 
assumed lo",; of the body weight. Garsd er al. 
(Ga81) described the study of beagle skeletal 
growth at Davis that showed the wet skeleton of 
a 540-dav-old beagle ranges to vary from 7.0°/, 
to 9.8% of the body weight with an average of 
8.4>0 (a coefficient of variation of about 6%). To 
reconcile the different skeleul mas= used at 
the thne laboratoria. and make the skeleul 
dosc rates comparable, all the reporled doses 
wcre corrected for an assumed skektal weight of 
8.4':of the young adult body weight. The Utah 
doses wers multiplied by 0.89. the Lovelace 
dbsm by l!  10, and the Davis dosa  remained 
1urch49qed. 
h t k  Dash study, 243 young adult k a g l a  

campririr!~ W h  ma were adrmnisted eight 
fonnigti* ingawtmus injectians in six dosage 
groups of -Ra in 9.1 ?h nitric acid in saline 

beginning at 435 days of age and ending with 
the last injection at 540 days of age. The ex- 
posure starting time was taken as the midpoint 
of this injection penod. A total of 78 controls 
were concumndy injected with equivalent vol- 
umes of the 0.1 N nitric acid in saline but 
without PbRa. The radium bone burdens were 
measured by in rivo external counting for each 
dog throughout i ts  life so that absorbed radi- 
ation dose rates and cumulative doses could be 
estimated for each individual using the appro- 
priate calculated skeletal mass (Ra8 la). Details 
of dosimetry and overall responses have been 
given by Raabe er a/. (Ra8 la). Dose response 
relationships as described by q n s  (I), (2) and 
(3) have been shown to well represent the data 
(Ra80; Ra8 1 b). The 123 bone cancer cases (all 
but three being osteogenic sarcoma) prowde the 
largest cohort of cases available in anv one 
study with dogs. and the basis of comparisons 
of other radiation-indud skeletal carcino- 
genesis. 

The Lovelace study involved the inhalation 
exposure of 144 beagles vaqing from 12 to 14 
months of age to two sizes of mpirable aerosols 
of 3-"Pu0, as described by Hahn er al. (Ha81). 
An additional 24 unexposed beagles were as- 
signed as controls. Because of the fragmentation 
of the L"PuOi panicles in the lungs of the 
beagles after inhalation deposition. 3-"Pu was 
slowly translocated via the blood to liver and 
skeleton. The result was that 3'Pu exposure of 
the skeleton involved veq little accumulated 
radiation dosc prior to 100 days post~xposure 
as -bed by Hahn er al. (Ha81). However, 
the observed half-time of the lung burden of 
-Pu was reported to be somewhat greater than 
100 days so that the time average burden of 
"'Pu in thc skekton was about equal to that of 
the b g  and the gavimeuic cumulative radi- 
ation dose to the skeleton reached about one- 
fifth of the dose to the l u n ~  by 1000 days after 
exposure (Ha81). Sioa it was not possible to 
measure the =Pu bone burdens by in vwo 
counting the tncasud initial and &a1 lung 
burdens were used by Hahn er al. (Ha81) with 
separately determined metabolic models to cal- 
culate the skeletal d o s e  On8 1 ). No correction to 
time to death was made for delayed transport to 
bone in this aaalysis. 

The Utah Lifetime surdia with btagla of the 
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effects of "bRa. "'Ra, "'Th. "PPu. "'Am. "'Cf 
3'Cf and '"Es in bone all followed the same 
basic experimental design as d m b c d  by 
Dougheny er al. (Do62). involving a single 
intraveneous injection at about 1-2 yr of age. 
Most exposures were at between 460 and 600 
days of age. although a few exposures occurred 
at later than 2 yr of age. Separate comparative 
stud~es. not considered herein. were also con- 
ducted at Utah using young dogs and older dogs 
for evaluat~on of chanpng radiation sensitivity 
w ~ t h  age. Typically. the single injection (8 to 
10 mll was even via the cephalic vcln with the 
chosen radionuclide in a citric acid-sod~um 
cltrate burner solution at pH about 3.5 so that 
polymerization was avoided. Several dosage lev- 
els were used. d d b e d  by microcurie injected 
per kilogram body weight at time of injection. 
For lifetime studies a total of 104 beagles was 
exposed to "bRa in seven dosage groups. 74 to 
"'Ra (which was mixed with small amounts of 
"'Th) In seven dosage groups (a few individuals 
receiving considerable 2UTh with the =Ra; 
L170a). 78 to "Th in' eight dosage groups 
(St81 ). 232 to 39Pu in I0 dosage groups (Ma76). 
1 16 to "'Am in eight dosage groups (L170b). 30 
to '"Cf. and 30 to "'Cf, each in five dosage 
groups. and 67 to =']Es in two dosage groups. 
Dosimetry was based on in riro counting of 
individual dogs exposed to -Ra. =Ra, "'Am. 
248Cf. 32Cf and =']Es. but was based on model 
retention equations for % and (11 70a). 
A total of 130 beagles were injected with non- 
radioactwe citrate solutions as controls in con- 
junct~on with thesc various studies. 

Among the studies used for the analyses of 
bone cancer in beagles at the three laboratories 
there were thus a total of 232 unexposed dogs 
on lifetime studies as controls. Among thcx 
unexposed control dogs only one c .  of osteo- 
sarcoma has bcen reported. About 25% of these 
controls are either still alive or thar  cam of 
death have not yet been reported. but tbe inci- 
dence of bone cancer among unexposed beagles 
is probably less than 0.5% and may be as d 
as O.OlO/a (Ma69). The use of individual bone 
cancer cases herein to estimate the cumulative 
risk pmumes all observed cases arc in fact 
radiation induced. Cases occurring near the end 
of life span w m  not used to avoid distortion of 
;he dose-response function caused by competing 

risks: natural bone cancers, if present. would 
likely be among thesc censored cases. 

-1s 

The results of fitting cqn (2) to the data for 
these sets of bone cancer cases in beagles are 
summarized in Table 2. Overall. the negative 
slope parameter S was similar for all of the 
radionuclides with an average of 0.29 (0.01 SE). 
Dose-rateltime-response functions with S = 
0.29 were also fit to these data and are gven in 
Table 3. The "'Ra results at Utah correspond 
almost precisely wth  those at Davis with only 
a 30b difference between the fitted values of K, 
and negative slope S. Figure 1 illustrates the 
combined "'Ra data from Utah and Davis and 
the response function given by Raak er 01. 
(Ra80: Ra8l b). The thmdimensional log- 
normal dose-rate!time-rcsponx surface repre- 
sented by thesc data was reconstructed from 
cqns (3) and (6) as shown in Fig. 2. 

The observed response rclationshps for bone 
cancer in beagles from 24'Am. leCf. L12Cf and 
"'Es are all similar as shown in Fig. 3 with the 
median function for '4'Am from Table 3. Those 
for "'Pu and "Tu were somewhat different 
from each other as shown in Fig. 4 with the 
fitted median functions from Table 3. The "PpU 
mults  for dose rates larger than 2radlday 
)ielded essentially the same time to death. so 
that those six cases above 2 radlday were not 
used in obtaining the fitted lognormal mponse 
function. because the)' do not fit eqn (2). 

The mults  for % and =Ra are shown in 
Fig. 5 with the median response functions from 
Table 2. The fact that some "Ra-injected bea- 
gles also received signhcant dosages of ZUTh 
mixed with the "Ra was not apparent from 
thcx mults.  Dogs receiving =Th with =Ra 
were not distinguishable from the other *Ra 
dogs on the dose-ratc.'time-response plot. 

The observed skeletal bone tumor dose- 
rate!time-response functions for thest nine 
bone-seeking radionuclide chains involving al- 
pha irradiation of bone arc bwaUy similar 
with average negative slope S of 0.29 (0.01 SE). 
The distribution of bone cancer cases about 
their mpective median valua of K (k=, in Table 
2) have about tbe same loga r i t hc  variance 
(a, P 1 .I7 with 0.01 SE) for the radionuclides. 
Hence these m p o n x  functions arc all surfaces 
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Tobk 2. Firwd parvuerers of the lognormal dose-rore;tlne-responrc n i r / M  /or radurion- 
uuiuced bone umcmin beoglesfor selecred bone -seeking radionuclides (eqns 2 and 3) w k r e  Sir r k  
negorrvc slopr (wicll standard error. SE) anda, u r k  geomerrrc sr&d &v iar im (wirh t k f i r r d  
5 )  of K volrcls &CNI the medtan K., ( n.trh geomerrtc srandard ewor, GSE) for a c a s  cfbarv cancer 

l o t h  (wirh rk cowelarton coeficbu. r )  
- 
NurJide* Km (GSE) S (SE) .g (SE) n r D o s i r t r v  

226Ra (D) 

Z z e ~ h  (I;) 

* I D )  - Oar is.  ( L )  * L o r e l r c e .  (Y - '"a? 
**C doses c a l c ~ l r t e a  bared on averc:e rete-:ycr euC:?ons f o r  s e ~ a r r t e l y  srud-Ce doqs, 

P doses eva lua ted  b a s e l  u x r  r r  r l r c  r e t s : r ~ * ' . s  o f  body ane s k e l e t a l  r c t e n t r o n  
on an i m l v l d u r l  dog b a s i s  

'2?8aa mixed w i t h  d i f f e r e n t  I e v e l s  o4 2 2 F ~ .  v a ' w s  nor usee @or  6.e-ages 

Table 3. Filled ppmmerers of the l q n o r d  dau-rare!r ime-respo~~~ surface for radrarion- 
i rducd bone cancer (eqns 2 and 3) in kaglrs with /ired ncgafne s l o p  S = 0.29. w k r e  a, u rk 
geomerric standard k i a r i o n  of K ra lus  about r k  me& K, (with geonvrric sr&d error, 
GSE) for n ca rs  of boru cancer. The correlation co@cbnr. r, and calorloredrelarire biological 

eflecrn~encu (RBE)  relorue ro Daris3Ra r e d f s  ( D )  me d o  g t r n  

MLKI Ide*  Kw (65:) n r RE! 5 

226Ra (D) 2464 (1.CZ) :.I? 115 C.92 1  .O 

. L*IS (Ll - :o.*:ace In-' * t.  
$Qua m . * r d s d t i  rarl! mAs ca 2 5 7 .  s, t n ) i r t d u r l s  -re 

I~J-CQ u t n  a  %!.:lor 'r t - c r  2 E 3  c o n t r i b ~ t b  15. n* the tc.?! 
~ i ~ r w ~ r n l a  r a t e .  
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AvERAGi X S E  mATE TO SUELETON c (RAOlOA.  I 

FIG I Summsr? of bone cancer cases In beagles assoc~ated mth  exposure to "Ra at  D a n s  
and C 'uh  shouing the lognormal dose-rate time-response model proposed b) R a a k  er 01. 
I RaRO. R3% I b) for the med~an nsk (Z = 0). at r = 25006-On (sohd hne, and the 5 and 95"; 
nsk le\cl> at Z = = 1 645 (dashed I~nest for a, = 1 17. where Z 1s the standardued normal 
de\~ate .  plotted as logarithm of elapsed tlme ( 1 )  to death from bone cancer after ~nlual  

exposure \ersus loeanthrn of average d o n  rate ( 6 )  to skeleton. 

BONE TUMORS FROM RADIUM-226 IN DOGS 

FK. 2. T h d i m e n s i o n r l  r e p m u t i o n  of the l o p o n n a l  dou-nte'time-response surf- of 
eqn ( 2 )  (for median K, = 1500, S = 0.29. and a, = I .  I7 illustnted in ta 'odhension in Fig. 
I )  for the risk of bone a n c c r  from =Ria in b c a ~ l a  plotted as risk a t  \*OILS timer to  d u t h  
and average dose r a m  to skeleton. All dose rater result in risk = 1 @vea e n o u e  time. 
Multipl?ing Lhe time by the rrrponrc n t i o  (RR) for people = 3.6 CRa80: Ra81b) yields the 

equivalent thradimensional risk model for bone cancer for people. 
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brawon 4865 d 
BONE TUMORS FROM 

ACTINIDES IN BEAGLES 

w Am-241 I U l o n l  

o E s - 2 5 3  l u t o n )  

c f - 2 4 9  ( u ton  I 

i 

FIG 3. T u d ~ m e n s ~ o n a l  cornpanson of the fitted median (Z = 0 )  response rclauonsh~ps for 
beagles that dlcd of pnmary bone cancer from exposures to '"Am. '"cf. 2J2Cf. and lJ'Es and 
the medlan (Z = 0 )  response funct~on for ='Ra from Fig. I ,  plotted as lognthm of tlme ( I  ) 

from lnlt~al exposure to death vs the loganthm of average skeletal dose rate (6) 

- - ~uromr @*'*soar 406:a BONE TUM3RS FROM PLUTONIUM IN BEAGLES 
- 

'.300- , 0-1 *noesum On. - 
- ,  - 

FIG. 4. Two-dimcnrional comparison of the fitted &dim (2 - 0)  response rclationshipr for 
beagles that died of prima? bone anocr from exposum to % and "Pu and the m d a n  
(Z = 0)  response fumhon tle -Ra from Fig. I. plotted as logmithm of time (1  ) from initial 

exposure m &atk us the loganthm of average skelcul dose race (6). 
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FIG. 5. Two-drmcns~onal companson of the med~an (Z - 0) fitted response rclauonstups for 
beagles that died of pnman bone cancer from exposures to uRa and % and the m d a n  
(Z = 0) response functron for from Fig. 1. plotted os loganthm of trmc (r  ) from lnrtral 

exposure to death vs the loganthm of average skeletal dose rate (6). 

l0.OOO. 3 1 ? ! 1 1 1 1 1  

similar to the thmdimensional relationship 
shown in Fig. 2 displaced according to their 
respccti\.e differences in K,. The relative biolog- 
ical effectiveness (RBE) values were calculated 
as gven by eqn (10) using the "eRa mults as the 
reference radiation dose pattern. These RBE 
values are also given in Table 3. 

7.000 

Dose -response funcr;om 
The use of lognormal dose-response re- 

lationships in describing such data has k n  well 
established in toxicology (Li49) and radiation 
biology (St57). Also. the apparent linearity in 
logarithmic coordinates of the variation of time 
to effect with dose rate has been previously de- 
scribed for both chemical and radiation camno- 
genesis by Druckrey (Dr67) and Albert and Al- 
tschuler (A173). Raabe er d. (Ra8lb; Ra83) 
funher systematized this approach with empha- 
sis on the underlying thradimensional mponse 
surface that dcscriks the risk distribution with 
respect to dose rate and time. This report further 
demonstrates the three-dimensional surface and 
its usefulness in comparing responses from 
different radionuclides. 

- y I . O . I I . u c ~ W 5 a  - mr onwsy. l (km 1 BONE TUMORS FROM RADIUM-228 - 
AND THORIUM-228 IN BEAGLES - 

The overall remarkable similarity of the re- 
sponse patterns for these nine bone-satking ra- 
dionuclides (with progeny) using these methods 

5.000b.. l - 
.\. ::::I a - - 

- 
2 2.000 

I I.OOCL 

I . .  - 70DC 
k 

'oat 0*-22e 1 " )  

b o o r  l ~lr-zzlf~l 

of evaluating the data is apparent from the re- 
sults. The negative slopes. S. are all similar, the 
distribution of cases about the median lines have 
nearly identical variances. Interpretation of the 
results reduces to consideration of the mpcctive 
apparent relative biolopcal effectiveness. The 
close agreement between the Utah and Davis 
"bRa studies is remarkable considering the 
differences in exposure palterns (single injection 
vs multiple injections). laboraton. management 
and dog genetic history. 

Marshall and Groer (Ma77) developed a 
mathematical thm-step cellular model of bone 
cancer induction from "Ra involving initiation. 
promotion, and cell killing. They used it to inter- 
pret the "Ra bone cancer data in the Utah 
beagles and in the available human data. Their 
model involved a type of three-dimensional anal- 
ysis aith data arrays of dosage kvel. time and 
cancer yield. Radiation dost ram to the endo- 
steal cells w m  estimated and uwd for dose cal- 
culations. However, although t k y  removed 
lossa from competing risk rrrraspecnvely, they 
did not c o r n  tbe cancn ylcld vdua for pro- 
spaxive competing risks (such u spontaneous 
daths from a p g  or from otbtr radiolyt~c 
effects). T k i r  model was fit by tk minimum 
cb-squut method. Tbdr results yielded stvcral 
conclusions that conflict with tbe 6fxiings de- 
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scribed herein. These conflicts include their con- 
c lwoa  that tumor rate reaches a plateau at high 
d o s a  and that a grven cumulative dose "pro- 
&CCS a single tumor rate . .  . n o  matter what 
g a t t m  of dose rates and times resulted in the 
dose". In fact the time to effect is crucial and the 
cumulative dose is a poor indicator of the tumor 
rate. Cumulative dose has been shown to be an 
lnappropnate basis for "'Ra induced bone can- 
cer risk estlmatlon (Ra8 1 b; Ra83). The incidentx 
plateaus that they observed at high doses were 
caused by competing risks. 

Mays and Lloyd (Ma72) fit linear funct~ons to 
two-dimens~onal plots of uncorrected bone can- 
cer inc~dence vs cumula:rve dose for beagle. 
human and rodent data involving "'Ra. ?-"Th 
and 'I9Pu and found reasonable good cor- 
relation. However. since their incidentx data 
were not corrected for sompleting risks. the 
relationship of thew resuhs to corrected cumu- 
latlvc Incidence rates 1s not clear. Rowland er al. 
(Ro83) studled the human "'Ra bone cancer 
data. but also neglected to correct for competing 
risks so that then results also retlected an amal- 
gamatlon of the various risks with a reduction 
of bone cancer risk implied at higher doses due 
to deaths associated with carcinoma of the nasal 
sinuses. and other detrimental rahogenic 
effects. Roxnblatt er al. (Ro71) and Goldman er 
al. (Go73) used a rigoro~u lifetable approach to 
evaluating the risk funcion (cumulative inci- 
dence rate) for the Utah "6Ra beagle data 
adapting the method of Cutler and Ederer 
(Cu58). They fit their mults  adequately to 
lopstlc functions to form a threedimensional 
surface. However. even taough the t h m  main 
dosage groups had risk that achieved 100% at 
later times. they chose t a  truncate the mul t s  
producing a lower maxirn~rm risk at lower dos- 
age levels to simulate the imomplete cumulative 
incidence rate data at those lower levels. Other- 
uise. their thmdimensioml model would have 
been similar in essential Itatures to the log- 
normal model. 

The individual case approach used in this 
repon avoids the problem. of c o r m n g  for 
cornwing risk by presumin~ that :he overall 
distrittuion of cases in tilnr. will! not be 
markif): changed by a few lmrrs to other 
deu. k!bwever. the cases oacur- m rq ion  of 
doscrate.for which competing risks ulc suhstan- 

tial were not used in the analysis. A major 
shortcoming of this approach as 11 stands is the 
absence of a clear method for weighting the 
points In the fitting p r o m  to adjust for small 
biases associated with losses to competing nsks. 

I f  the tlme to neoplastic response 1s propor- 
tional to the averapc distance between radlatlon 
events for alpha Irradiation as suggested by 
Jones and Grendon (1075). then the true nega- 
tive slope. S. for the loganthmic response func- 
tlons would be exactly one-th~rd. since the aver- 
age chord between events 1s proportional to the 
cube root of the concentration of events pven 
b!. the dose rate. The observed values of S for 
28Ra and '?Th were close to one-thrd (Table 
2). In fact. the observed average value of S of 
about 0.29 observed in these regression analyses 
may be smaller than the true value because the 
independent variable. dose rate. is itself a van- 
ate having a statistical uncertainly. 

For example. the dos~metry assumes 
that all beagles have skeleton weight 8.4", of 
body mass at 540 days of age. The actual 
distribution of the skele~al mass has about a 6'' 
coefficient of variation (Ga81). so that the dose 
rates calculated have a logarithmic vanance. 
a:, ,,. of about In:(] .06). Kendall and Stuart 
(Ke79) treat the statistical problem of statistical 
uncertainty In the independent variable and 
pro\ide an improved estimate of the negatlve 
slope pven by 

where In2 ut is the observed variance of the In r 
values about the fitted function (eqn 4). The 
multiqg improwd estimate of the negative 
slope S = 0.335 for the =Ra data is very close 
to one-third. Since the "Ra data are clearly the 
most reliable of all those presented. t h s  result 
suggests that the underlying true negative slope 
for all thev radionuclide logarithmic dose- 
ratc~time-response relationships may in fact be 
one-third. as s u w u d  by the average chord 
model (Jo7S). Table 4 and Fig. 6 show the 
revised median results when a loganthmic func- 
tion wlith S = 113 is assumed. 

Relaricr biological e$rcrireneu 
The observed diffemtxs m relative biological 



Table 4.  Firred parameiers of t k  lognormal &se -rare /time-response apfoce for r&rion - 
d u c e d  bone cancer (eqtu 2 Md 3 )  in beagles wrrh fired ~ g a t w  slope. S. equnl ro one-third w k e  
a, LS the geometric standard deviatwn of K values about t k  mrdum K., (with geometric st-d 
error. GSE). for n cases of bone cancer. The correbtion coc~ckn r ,  r. d d&d re&t& 

biological effectwmess (RBE) relative ro Dmu results (D ) are also girmr 

Nucl Id*' KF ( G S E )  ?9 n r R8C 

(:) - Lorelace. (L !  . Utah ; i I b ~  i::;:nn:h small a v r n t s  of t t e ~ h ;  r a  individuals g i v e  15: 
Z Z P h  by ac:iri:r d3sJ9C. 

efltctiveness can be interpreted as differenus in calculations of the relative ullular surfacc doses 
the temporal and spatial pattern of absorbed for bone "volume-setLingV ra&onuclides such 
dose to the sensitive living e l l s  associated with as "'Ra and for "surfau-setking" radionuclides 
bone surfaccs in the skeleton (Ma73). This may such as %. They found the ratio of ccllular 
bc directly related to differences in distribution doxs  bctwan "'Pu and =Ra to bc 6.2 for 
patterns. M d o e  and Spien (Be79) provide beagles and 7.0 for man for trabecular (canccl- 

400: j ' r  
XKI ' I I 1 1 1 1  1 1 1  I 1 1 1 1  1 1 1 1  1 1 0 , + , , I  j c  

O J I  001 003 005 0 1  0 2  0 3  0 5  1 0  2 0  JL) 5 0  0 
A V C I Y I L  DOSE U T E  TO SSELEIO*. b l IA0fO.T)  

FIG. 6. Twodimeruional rcpracnut~on of tbsorctial dose-rate/time-response models shown 
at the median (2 = 0; risk = 0.5) for bugla (RR = I ) and people (RR = 3.6) for plimuy bone 
a n a r  from exposure to nine bone-sscking radionuclides assuming tbc time (I ) to &a& from 
imual exposure is inversely proportional to the cube root of tbe rvcngc skdtd dose rate (6). 
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lous) bone. compared to 49.2 fror beagles and 
25.2 for man for corncd (compact) bone. Al- 
though most of bow iir cortmal (about 8073, 
most cells at risk and moa deposited radio- 
nuclide atoms arc tn uabmlar bone. If it is 
assumed for bead= *at 15% of each of the 
radionuclides de;sosiu in cortical bone and the 
remaining 85O, &posits in trabecular bone. then 
an RBE of abou: 16.6 would be expected from 
their calculations for :I9Pu with respect to "'Ra 
assuming they bthave as ideal surface and vol- 
ume seekers. respectively. Actually. neither 
radium nor the ~ c t ~ n ~ d e s  will be ideally distrib- 
uted so that RBE values smaller than 16.6 as 
observed are consistent with expectations. 

The volume-reeker radionuclides are those 
that chemically mcorporate like calcium Into the 
bone but thev begin as surface depostts In areas 
of bone rernocitling. The surface seekers are 
those that assooate with tissue at bone surfaces 
and do not enter into the ordinary chemical 
processing of bone mineral. For example. 
Pu(IV) does not form ions at physiolopcal pH 
(Ra78) and may enter into macrochem~cal inter- 
actions with biolopcal complexing agents in- 
cludinn atrate. The in rico mobilization of these 
act~ni&s may be a fragmentation process 
(Fl77). The relative consistency with time after 
exposure of the RBE value for each actinide 
suggests that they continue a cellular association 
through the life of the beagle. 

Two relat~onihips among the observed RBE 
values are of pamcular interest. Neither the two 
radium isotopes nor the two plutonium isotopes 
demonstrate co.rsistent RBE values. The RBE 
of "'Ra was otscrved to be 3 with respect to 
?"Ra. while the RBE of -Pu was observed to 
be 15.5 compared to only 9.0 for -rhC 
small difference in irradiation energy for the 
respective isotoqe pairs does not appear 
sufficient to explain these differences. Several 
possibilities exist; however. 

The is n\a:an alpha emitter and must 
decay to "Th b*hre any alpha irradiation 
occurs (Table I) . ' i ? ~  =Th may become par- 
tially associated whh. %urfia cells before it 
decays enhancing itrd%tiveness. This p s i -  
.3lity could explain tk'b A X  of 3.0 observed for 
'3Ra. 

The high observed ABE P l ? u  mnpared to 
?-'PY may be related to Cit%.raca in macro- 

chemical form since agPu probably entered the 
blood as ultrafine partldu of PuO, smniter than 
0.01 Ilm in dia. (Ra78) while % was injected 
as a citrate m p l c x .  Enhanced cellular assocl- 
ation m a y  ti asociated with particulate =Pu. 
Another possible explanation is related to the 
protracted nature of the exposure of bone sur- 
faces associated with the inhaled a8Pu02 com- 
pared to injected ?.'9P~ citrate. After inhalation 
of '-WPUO,. plutonium passed from lung to bone 
via blood over several hundred days so that 
many more cells on vanous bone surfaces may 
be been encountered by the depositing 
Either or both of these considerations could 
explain the higher observed RBE for inhaled 
"'Pu compared to injected 3%. 

Induction time and latency 
As reported by Raabe et al. (Ra80; Ra8l b). 

the tlme between ~nitiat~on of exposure and 
death from bone cancer is longer at lower 
average dose rates (lower radionucl~de bone 
concentrations) than by higher average dose 
rates. If there is a minimum latent penod asso- 
ciated with the induction of bone caner. its 
effect on the dose-rateltime-response re- 
lationship was not completely clear. The "'Pu 
data for .dose rates above 2 radlday suggest a 
m~nimum time between exposure and death of 
about 1000 days. but the =Th data show deaths 
from bone cancer as early as 550 days. I t  is 
reasonable to expect that there must be a min- 
imum latent period after induction of bone 
cancer. and i t  is therefore probably shorter than 
about 500 days. 

A practical Lhmhold dose or dose rate below 
whch bone cancer deaths are unlikely is sue- 
gested at low dosc ram for all these rad~o- 
nuclide. just as has been reported for "Ra 
(Ra80). This oocurs because the elapsed time 
required to reach an appreciable risk level in- 
creases as dose rate (exposure) decreases and 
may ex& the normal lifespan. As individuals 
age. they enter the =@on of increasing risk as 
shown by increasing r in Figs. I d .  At Lgh dosc 
ratcs the region of risk for bone cancer is 
e n c o u n d  before the region of risk for natural 
death, so that premature death from bone can- 
cer is m s c  ~oba t ; l r  than death from agng 
pr-. At Iw dour rates.. on the other hand. 
natural dcalbs oaur kfore bone tumors dc- 
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velop. The rnedian natural lifespan for un- 
exposed control beagles at Davis is sbown for 
reference as r, in Fig. 1 and Fig. M. Raabe er 
al. (Ra80; Ra8 I b) calculated a practical thresh- 
old for "bRa-induced bone caners in beagles 
uslne three geometnc standard deviations below 
the median risk at a cumulative dose of about 
50 rad at the rnedian lifespan; this would yield 
a 0.13?,, risk near the end of natural life. Similar 
practical threshold values for beagles can be 
calculated for the other radionuclides by di- 
viding by their mpectlve RBE values (Table 3) 
to obtaln about 5 rad for =Th. 3 rad for 23'P~. 
6 rad for 3.'PP~. 8 rad for '"Am. :''Cf, "Tf. or 
2J'Es. 

Inrerspecies scaling 
To scale the dose-response mults to people 

or other animals. the same dou-rateltime- 
response relationships derived for beades (eqn 
3) can be applred to other specla using the 
procedure described by Raak er uf. (Ra80; 
Ra8l b). In  this approach the relationships arc 
displaced by a spccies-dependent factor named 
the response ratio (RR) so tbat the median 
value of K for the selected species is given by 

L = K,(beagles) x RR. (12) 

The values of RR for people and micc for -Ra 

were calculated to be 3.6 and 0.34, respectively. 
The observed u, values for mice and people were 
larger than for beagles, but t h ~ s  may be due to 
data u n a m n t i e s  rather than intrinsic differ- 
ences in relative variance. 

To use tbe same response ratios for bone 
tumors from the actinides. RBE values must be 
the same for these nuclides in the three specles. 
The evidencc is limited. but data are available 
comparing CF,  female mice that were injected 
with erther ='Ra bromide or cltrate In 
separate experiments (Fi62; Fi69; Ro62; Ro69). 
The studies by Finkel (Fi62; Fi69) did not 
involve measurements of bone retention. so 
dose rates had to be based upon retention 
assumptions. The mRa dose was calculated as 
reported by Raabe er d. (Ra81) and the 
dose was calculated with the same assumptions. 
but with the retention data for female CF,  
mice reported by Rosenthal and Lindenbaum 
(Ro62; Ro69). Functions of tbe form of q n  2 
were fit to the median time of death for each 
dosage group based upon the calculated average 
dose rate for the group. This comparison for 
m i a  is shown in Fig. 7 in which the median time 
to death (f 34% range) is plotttd vs average 
skeletal dose rate. The observed u, values were 
1.2 for "'Pu and 1.3 for % a .  Only the higher 
dosage groups w m  used to avoid bias caused 
by the competing risks at the median lifespan 
( r L  = 6551). The calculated RBE = 1 1.4. ba& 
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F a .  7. Two-dimensional p m t a t i o a  of the primary bone tumor deaths at rbc high dose rates 
for female CF, mioc nmiMy a p d  to % by Finkel and Birkis (Fi62) a d  by R o s a t h d  
and Lindenbaum (Ro6L Ro69) .od to =R. by Finkel er uf. (Fi69) rhowing the rrsponsc 
model of wdiPn rut with S = 029 plotted as klpnthm of time ( I )  to dath  after initid 

exposure n bguithm of a m p  skeletal dost rate (6). 
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upon the fitted functiow. This RBE is not 
remarkably different from h e  RBE = 9 for bca- 
gles ! ~ r  2 3 " P ~  bone tmcr s .  This suggests the 
acctyability of using same response ratrm 
for ~ctinides as observed for "bRa along w t h  
the RBE values o b s e n d  In the beagle studies, 
alttaugh the exact R E  values for people arc 
no% known. 

'ience. the dostxateltime-response re- 
lat~onship for people. for bone tumors from 
thtse alpha-emitting ndionuclide chains can bc 
ot ta~ned from 

where the values of E and S are those obtained 
for beagles and RR is the appropnate respansc 
rvlo. On t h ~ s  bas~s, the time to death cocrdi- 
nates of Figs. 2 and 6 can bc multiplied by 3.6 
to provide the eqwvalent dose-response re- 
lationship for people.(as indicated in Fig. 6) or 
by 0.34 to provide the equivalent results for 
mve. Raabe et a / .  (R 180) estimated a "bRa bone 
cancer pract~cal threshold for people (with 
a, = 1.3 1 )  of 80 rad delivered over 55 yr 
(9.004 rad day). With the RBE values of Table 
?.'the corresponding practical threshold vaiues 
fi7om eqn ( 1  3) are therefore about 7 rad for 
'"Th. 5 rad for '"Pu. 9 rad for 2 v P ~ .  and I t  rad 
for :4'Am. '"Cf. W f ,  or At the current 
arcepted maximum bone burdens for oc- 
capat~onal exposures (3 rad'yr for radium. 
0.6 rad.vr for other alpha emitters). the calcu- 
lated bone cancer ri$k after 50 yr of exposure 
using eqns (5) and (0)  would be lo-' for & a .  
0.93 for "'Ra. 0.007 for ='Th. 0.03 for %. 
0.103 for ""Pu. lo-? for '"Am. "9Cf. "Tf. or 
-'"EL assuming a, = 112 for people for all the 
nuclides and S = 0.29 (Table 3). A skelaal 
burden of I pCi of '??u as is common arncng 
the general population due to environmental 
exposures (Me81) would result in an 
infirtilesimal risk in 70.y~ (< lo-"). 

but d~splaccd with respect to UbRa by relative 
biologrcal effectivenas that varies from 3.0 for 
"'Ra and 6.4 for "'Am. "'Cf. w f  and 93 to 
9.0 for =?u. 10.7 for % and 15.5 fm %. 
A true negatlve slope of exactly one-third is 
suggested by the statistical interpretation of the 
results. All radionuclide exposures showed 
longer induction periods at lower dose rates. 
For each radionuclide exposure and spccres a 
practical threshold dose or  dose rate exists 
below which no cancers are observed because 
the time required to reach significant tumor nsk 
exceeds the natural life span. Use of a pre\iously 
observed response ratio of 3.6 for man allows 
the prediction of dose-rate'time-response re- 
lationships for people from these rcslllts. I t  
takes 3.6 times longer to manifest bone rumors 
or develop equivalent nsk in people than In 
beagles at any p e n  dose rate (bone concen- 
tration of radionuclida). 
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THE REAIOVAL O F  STRONTIU>I"' FROM 
ORG-4NIC MVASTE*t 

h i .  COLDMAK, R. P .  ANDERSON, E. EDCERLEY. JR.: and A. D. R%Y:§ 
Radiobioloqy I'ro-irct. Schonl o i  \.ctcrinan. bl<dicir~r. Lnivcrs~ty or Caliiol-naa, 

1)avis. (Allfoln~a 

.4bsrrucr-Conunuous product~on o i  organlc wastes from a large dog colony on a d ~ c t  con- 
tnanlnq vanoils amounts of Srm rcquared thc dcstun and construction of a moderate-s~ze waste 
treatment plant. Thc contam~natcd \\.astcs contarn an cxceu of 5 1. lo-' pc SrU/ml and are 
~)roduced at approslmatcly 200-500 gallday. Ucconurn~nat~on depends upon effic~ent 
utllazauon of the pr~nc~plcs  of prlmarv scd~mentat~on. aeration, chem~cal clanficat~on and 
tllrrat~on prlor to passaqc of the waste through 5 ft' of catlon exchange rcsm. The upended 
rcslns arc dlsposed of by oKs~te b u r d .  Trcatmrnt of over 115,000 gal of waste has produced 
T~nal cllluents \vlmse avcrage annual concentration docs not exceed the current pemuv~blc  11m1t 
for Srs' In d r ~ ~ ~ k ~ n g  watrr. Thc trcatcd waste strcam IS duchaqcd  Into an underground 
11.n~tunq f~cld Dccontamanataon facton up LO 5 r l(r 11avc k c n  achacvcd. The current cost 
oitrcatmcnt IS rstrrnatcd at lcss than 15 ccnts/gal ~ncludang material, ( r a n  cosu 1.2 ccnu/gal), 
labor and plant amonaratron. 

lNTRODUCTlON 

I N  1955, at the School of Veterinarv Medicine 
of tllc University of California at Davis, plans 
were formulated to create a major research 
facility to study the long-term effects ofcontinual 
inycstion of SreO contaminated food by a large 
colony of beagle dogs. It was immediately ob- 
vious that special planninr would be necessary 

long-term Sreu cxpsurc. Tlirougl~ correlation 
of t i lac rctults with those obtained from a paral- 
lel study on a colony of dogs receiving a corn- * (  
parable body burden of RaZC by intravenous 
injections, and with known Raae effects in 
humans, extrapolations will be made to possible 
long-term e k t s  of SreO ingation in man. 

Seven dose levels were included in the SreO 
ro handle the disposal ofcxcreta from t l l a c  dog, ingadon pliase of the experimental design as 
during the SreO feeding period. The uperi- 
rncnral plan cntailed feeding SreO to over 200 Table 1 .  Strontiumm ingestion phase of expnimmral &ngn 

dogs from the onset of fetal ossification through T o u l  Srw 
weaning (via the dam), and thereafter in the in wutell 
daily ration until 18 months of age. Following ~~~b~~ Diet % of 
the SrUO ingestion period, the d o g  arc main- level o f d o p  (pc Srw/g Ca) mc m d  
taincd on the same diet (without added SrBU) 
for tl~cir life-span in order ;o observe and evalu: 5 35 3.33 179.4 67 
ntc the phys~ologic and pathologic effects of 4 35 1.1 1 59.8 22 

3 35 0.37 19.9 7 
\Vork performed under the auapicer of the U.S. 2 35 0.123 6.6 2 

:\tomic Enrrgy Commission. I 35 0.02 1 1.1 . 
t Preacntrd in part a t  the . b n d  hleeting of the 0.5 40 0.007 0.5 (1 

Hralth Physics Socicty. Junc 1 1-14, 1962. Chicago, 0 G5 0.000 0 
1Ilia)ois. 267.3 

t S:lt~itan and Hydraulic Enginccrinq Division, 
1'11i\ 1.1.311v or Califorr~ia. krkclcy, California. ' 1  Bawd on a total of 540 meals per dog with an 

I'rcsent addrrss: Department of Civil Enqincvr- averaqe 5 pcr cent retention of Srw fed. (300 K 
inz. \';u~dcrbilt University, Sashville. Tcnncuer. food/clav/dog at  approx. 1 per cent calcium.) 

C 17 



summnrizcd 111 Table 1. OT tllc 300 mc ol' SI." 
used 111 tile stud!.. !)C) pcr cent are adrni~~is~cl~ccl 
to thc r\\.o 11i:hcs~ Ic\.cls. Sincc SrnO is inelli- 
cicntl!. absorbcd by thc animal Trom tllc clict,"' 
n major Trnctio~l I npprosimntcl\ !I0 -!Ji prr 
ccnL! appears in thr cxcrcta. 'I'l~c i~lycstio~l 
phasc oT thc cxpcrimcnt cxtcnds ovcr a span OT 
scvcr;ll ycnrs, since 211 dogs arc 111lt trcatcd 
simultaneously. 

PRELlhllNARY INVESTIGATIONS 

Laborator!. sr~ltlies \\.ere untlcrtakcn by thc 
Sanitary Enqinccrin~ Research L h r ; l t o r y  or 
the University oT Calirornia at Bcrkcley to 
provide guides Tor thc design of a suitablc dis- 
posal scheme capablc oT treating Srgo-contami- 
natcd organic wastes. &cause oT the volume of 
waste to bc gencratcd, i t  was csscntial that 
decontamini~tion IIC sl~fficicnt to pcrmit local 
discliarge. 

Initially, the composition and volume or the 
waste had to be estimated. Thc daily fimd pro- 
vided cach dog ~vould consist of approximately 
300 g, containing 1 pcr ccnt calcium, and PIT- 

scribrd amounts oTSrS0. Tllc aniount ordrinking 
Ivatcr was calculated to bc 600 ml (5 mccl/l. 
total hardness). Tile corrcspolldinq amounts 
of waste matcrial \vcrc cstimatcd to k 175 g of 
solids daily, botli Teccs and uncaten food, and 
600 ml of urine. Cagc washi~lg 'appeared to 
requirc 2-3 gal oT demineralized water for cach 
dog per day. Glculations based on thesc data 
provided t l ~ c  estimated charactcristics of the 
waste stream given in Table 2. 

Volumc 200-500 gallday 
Total solids 15.000-2 1,000 mgl.. 
Total hardness 25-36 meq/l. 
S~ron~ium" 0.3-0.5 pcil. 

Preliminary cost a t i m a t a  indicated that land 
burial or sea disposal o l  the cntire wasre strcam 
\'otild be costly. Both cvapration and ion 
exchange appcarcd more attractive from an 
economic standpoint ; ho\vever, evapo~ation 
poscd problcms o l  safc handling, possible air 
contamination from olT gases, ; ~ r l t l  unrcrtain 
lloiling proprl-tics becaux of thc high organic 
contcnt of thr Ivastc. For thcsc rcilwns i t  \\.as 

decidcd to in\.cs~igate various tI.catmcrlt possi- 
bilities urilizi~ig ion exchanrc. 

Since solids s~~spended in a liquid passinq 
thl.ouyll an cxchange rcsin column may ad- 
vcnely aflcc~ the ion cxchanqc proccw t ~ y  
I,lil~dinq resin 1)ol.c~ or I>l~)cki~~y c x r l l i ~ ~ ~ c c  ~ I I C S ,  
in addition to the complcxinq oT SrS0 into non- 
exchnnycai>lc forms, altcrnatc \vastc strcams 
werc considcrcd : 

( 1 )  Either a combined strcain that includes 
> ,  

real matrrial, exccss 01.  sl~illcd rood 
solids, urinc and dcmincralucd watcr: 

(2) 01. a scparatcd waslc liquid strcam lliat 
includcs urine and Ivasl~ water, and. in 
addition. a relativel!. small amount of 
solid waste washed from tile caqes. 

Collection of solid wastcs at thc caqcs Tor sepa- 
raw dis~osal ~vouid havc iccn reauircd i l l  ;he 
case oT 'tllc sccond altcrnati\,c. and laboratory 
and University Radiological l'rotection pcnon- 
nel Tavorcd the combincd system since i t  
appcarcd to simplify cage cleanillg and \\.aste 
transport. 

Tile Tczibility of adoptir~g ion cxchanqc Tor 
the treatment of the dog wastes was dcpcndcnt 
upon tllc t l e g m  ~Tdecon~rn inn t ion  oi~tainable. 
The unit uscd to cxpreu the dccrcc of dccon- 
taminatiori obtaincd is t l ~ c  I)ccn~ltamination 
Factor : 

Decontamination Factor (DF) = 
> ,  

Initial Radioactivifv Concentration 
Final Radioactivity Conccnrration 

Laboratory confirmation of the ability of ion 
utctiange to achieve the rcquired dccontami- 
nation was neccsarv. The cffect on decon- 
tamination of such parameten as flow rate, 
cation concentration in the influent waste liauid 
and residence time in the ion exchange column 
were investigated. The  influence o l  the organic 
colloidal material on the success of the rain in 
removing SrmO could beevaluated only by labora- 
torv n u d i a  with simulated wasta. Fecal matter 
and urine from t a t  animals wcrc diluted with 
appropriate amounts of distilled water and the 
mixture allomwl to d iga t  Tor 2 months. The 
supernatant was withdrawn and used in the 
laboratory study as waste representative of the 
actual waste stream after p r iman  settling but 
without additional nretrcatmcnt. 

Tllc first laborat& cxpcriments consisted of 
dctcrmining tllc decontamination ol)tainal)lr I>! 
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!,.tqslnn tllc supcrtiatant from the dieatcd syn- 
tll#.~tc. \\rrs~c tlir~uqji ;I cation ~.csin co111mn 
1 i 1 1 I 1 0 1 1 1  p r c t r e a t m ~ n t . ~ ~ ~  SrmO \\.as addcd to 
cnrrl~lc mcnsurcmcnt of thc decontamination 
/;L(.IIII.. Tlic simuiatcd \\.nsrc contained about 
2000 mg/I non-scttlcablc solids alld i .4 mcq/i. 
10ta1 Iiardncss, with a VH ofapproximarclv 8.0. 
Tllc influence of rai;i  rcsidcnce [imc or thc 
.irn~llatcd \\ .ate on thc dccontamina[ion factor 
is sllo\\-11 in Fig. I .  The rcsin used in thc I-in. 
diameter glass coiumns for all tllc expelimcnts 
\\.as a hiqh capacity, strong acid cation cx- 
clian~cr,  i r l  the sodium form, co~nmercial gradc. 
:; pcr cclit cl,c~ss lilikagc, 16-50 mcsil. 

Q I 
8 10'; 

I I I 

5 10 I5 20 23 YI 
EFFFCTIVE RESIDENCE TIME - MIN 

 t ti. 1. Decontamination of rimulnred waste by ion 
i.schanqe withour pretratrnr~lt (constant flow n t c  

using variable colum~l length I. 

Thc effluent requirements adopted for the 
1;iboratorv investination were from the current 
drinking kater ra';liation guides established by 
thc AEC.I3' This limit would require that a DF 
of approximately l ( r  be obtained by treatment 
c ~ f  the waste. The laboratory investigation of 
strourium removal by ion exchange without 
pretreatment did not provide a sufficiently large 
1)F. tl~crefore additional studies werc under- 
taken to determine thc eKect of waste pretreat- 
ment. 

\'arious pretreatment methodr were investi- 
gated to improve the decontamination by 
removing a g&ta part of the non-wttleable 
solids. The criterion used was maximum clari- 
fication without production of excessive sludge. 
The primary investigation was flocculation with 
aiuminum suibtc or ferric sulfate under different 
pH conditions, althougl~ ancillary studies of 

prcchlorination. acration anti filtration ncrc 
also conducted. Fcrric suifatc \\.as hund tu I I C  
supcrior to alumillu~n sulfatc as a coayulatitiq 
aqent. However. lligiler col~centrations of ierric 
s~~l ra tc  wcrc rccluircd, rcsui~ing in grcatcr siutiqc 
voiumes. Proionqcd acration prior to floccuia- 
tion rrduccd tltc coaqulant dougcs hv al>ouc 5 0  
per ccnt for the same clarification, i ~ u t  thc 
fsotl~ing and foamilly associated witti ttlc acra- 
[ion process was coruidcscd tlndesirabic. Prc- 
c1tlorill;ltion and filtration appeared to be of 
marginal bcncfit. 

Tilt i~~fluellcc ofrcsidelicc timc on 11lc emucnt 
col~ccttr~~ation of St.s0 and YgO in clicmicall~ 
coagulated wastes is ~~~~~n in Fig. 2. One of the 
most intcrcstinq obscwatiol~s was the passaqe of 
npprcciabic concentrations of YeO throuqh 8 ft 
of cation crchanye coiilmn, preccdin~ bott~ cal- 
cium and strontium. Since yttrium is ~sivalcnt 
i t  was evident t i n t  the yttrium pracnt i r l  the 

I I I I I 

0 2 4 6 8 I b 
EFFECTlV E RESIDENCE TIME - MIN. 

FIG. 5. kcontamination bp ion crchange ofrimuiattd 
waste foliowing chcrniui treatment (constant column 

length using variable flow raw:. 
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~ ~ ~ n u l a t c d  \\.as[c was C I I  l~cr  non~onic or con)- 
plcxed 111 a form having a lo\\. allillit) for 111e 
cation rcsin. Fortunatcly, Y'O has only a 05-hr 
Iinlf-lifc and can bc i.crnovcd horn tlic plant 
cmueiit by sirnplc rctcntion. 

Thc pH of ~11c trcatcd \\.aste flowing illto 111c 
ion exchal~ge column \\.as also fouild to bc of 
irnportancc. A gi.catct. DF \\.as olxaincd Ijy 
lo\\.ering thc pH of the applied liquid I O  lcss 
~lian 3.5. 'Tl~is apparcn~ly rnininlizrs t l~c  for- 
III;I t i011 01' c~~rnplcscs 01' stroi~tilim and V I  I ri~irn 
J I I ~  thereby iilcrcascs thc probability of thcir 
cxcl~ai~gc by thc rcsin. 

;\lthough strontium is sorbcd by ion excliange 
resins in prekrcnce to calcium, the lattcr scrvcs 
to reduce thc unit capacity of an exchanger for 
strontium and it \\.as thcrcforc recommendcd t hat 
dcrnineralizcd \vatcr bc utilized for thc washing 
of the dog casp.  

The laboratory invcstigations indicated that 
ion exchangc columns would provide SrYO de- 
co~~tamination facton up to lo4. Howcver, in 
ordcr 10 acliicve this levcl cf dccontainin;rtion 
~.cliably, it woiild be ncccssary to minimize 
1c;tkagc by cniployillg long columtir, oli tlic 
order of U ft. and to insure that the acidified 
influet~t \\.astes wcrc free of suspended mattcr. 

II'ASTE TREATMENT PLANT 
ASD OPERATION 

On the basis of the above laboratory invati- 
galions, a facility for \\.astc treatment was dc- 
signcd and constructed. An existing compan- 
mcntcd concrete stmcturc and tile lcaching field 
\\ere available for use and wcrc thercfoir incor- 
porated into the design. A diagram of the 
resulting trcatment facility is shown in Fig. 3. 

The wastes originate in the animal f e d  
building where the beagles receiving the SreO 
cnriched food arc housed. The caga  are washed 
down with dcrnineralizcd water several t ima a 
day and thc waste flow by gravity to a sump in 
the waste treatment building. From the sump, 
requlated volurna of \caste are pumpcd illto a 
.i000-:a1 ImhofT settling tank. The settleable 
solids are mmovcd in this tank, tllc solids p a u i n ~  
rhi.ough a slot in the bottom of the flo\v-through 
compartment into an anacro1)ic cli~cstion cham- 
I~cr. Rctail~i~lq l~nmcs at thc liquid siirfiicr o f~ l ic  
lailk ;~rc  dcsini~rd 10 prevcnl Iloating mntcrial 
from passinc farther r111.ough ~ l i c  systcm. 

' i - - - j t XCRETL 

I RESIN  C O L U M N S  

I IMHOFF SUPERNATANT 
ISTORAGE A N 0  S E T T L I N G  

L E A C H I N G  1 c? 
FIELD , ' PUMPS 

2 

FIG. 3. Radioacti\.e wutc treatment plant (schematic 
reprrsentatron). 

One of the problems associated \\.ith this 
aspect of the wastc treatment is tlic mattcr of 
dog hair floating on tlie surface. Pcriodic skim- 
ming of the surface of the tank has been necessary 
to remove the hair. An overflow weir separates 
the IrnhoB settling tank from the fint of two 
5000-gal collection tanks, where additional 
settling t aka  piace. The sccond tank originally 
scrved only as a collcction and storage tank, but 
is currently being used for aeration prior to 
pumping to the chemical trcatment tanks. 

A system of pumps, manifold valve and 
gauges permit a h i ~ h  degree of flexibility in the 
s u k q u c n t  treatment of the wastes follo\ving 
sedimcntation. Furthcr trcatmcnt of tlic settled 
\\.astcs is conducted oil a latcli I~ilsis, cnch batch 
co~lsisiinq of;lpprosimntcly 5OOU q 1 1 .  ,It \.arious 
timcs sct~icd \c.astc is pti~nlxd i l l l o  ciillci. Ta l~k  
1 or 2 (Fig. 3, until biltch \.ollime i b  rcaclicd. 
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I I! O I  cicr ro 1~11.tl1cr clarif\ I hc \\,astcs, acratiori 
r11.1\ cwdc ctlcmlcdl Ilocc~llatioli. IT acrarioti 
11;i. aflcctcd dcqrce o f  clarificarion and dccoli- 
r;~lniliallo~~, I ~ I C  ~~1p~r1iati11it is trn~lsfcrrcd to a 
>ubacqucli~ t31ik for morc cnicicnt cliemical 
lI.catrncnt. Samplcs of the batch are tllen take11 
n ~ l t l  optimum dosages ol'chemical coagulant and 
acid clctermilied ill thc laboratory by convcn- 
llollnl jar tcsts. :Uum alld lerric sullatc have 
Imth becli tricd as coag~llants, \\~irh fcrric sulfatc 
c~lrrclitly I~cing uscd. Tlle pH adjustment has 
I)ccn rnndc \\.it11 concentrated hydrochloric acicl. 
Cr~lnprcsscd air distril~~rtcd tlirorlgll sllbmcrgcd 
diK~lser pipa in tile t ank  is uscd to mix tile 
\ \  nsres and chemicals to cnhancc flocculatioli. 
.\ minimum of 24 hr is ~lst~ally neccsury for 
wltlilig of tile floc before pumping tllc supcr- 
llarnlit liquid to the ncst phase of trcatmclit. 
Tllc sludgc from the flc~ctllation stcp is removcd 
pcliodiwlly alld added to the influent wnslc Tor 
tlislril~~~tioli in t l~e  sllldgc compartment of thc 
I li111oK tank. 

Follo\\.iog chcmical treatment thc liquid call 
I)c clilorinated, ifllecessary (pH above 4). and 
I I I C I I  pumped througll a pressure filtcr of sand 
and activated carbon, followcd by a cotton plug 
fil~cr capablc of removinq particles as small as 
.i !i atid thcn through 5 ft3 of ion excliange rain. 

Tlic rcsin bed is subdivided into a scrin or 
fi1.c rolum~is, cacll 9 in. in diameter and 3 ft in 
Icliy111. Tllc mctal canisters are charged with 
I rr:' of Do\\ecx 50 x 8, 20-50 m a h  cation ra in  
in sodium form. Nylon sadu arc used to con- 
tain rile resin in order to permit casy removal of 
exliaostcd. contaminated r a in  with a minimum 
Or h;i~idling. These are ultimately disposed or by 
ofTsite burial. Application r a t a  to the resin 
columns have been on the order of 1 gal per 
min/ft2 of resin. 

EfRucnts from the ra in  bed pass into storage 
tanks Tor radioascay and radioyttrium decay 
prior to discharge into the underground leaching 
ficld. If necessary, the contents of any of the 
storage tanks can be rcpnmflcd. Suitable 
sampling valva are strategically located through- 
out the system to permit the contents ofany tank 
ro bc sampled, as well as the effluents from the 
filrcrs. or any of the m i n  segments. 

RESLZTS AND DISCUSSION 

Tlic actual chronological sequence of cvents 

\ \as such that tlic lo\vcst lcvcl of SI." Sccdinc 
\\as i~iitiatcd firsl, ant1 \ \ i l l 1  llic I)rogrcssl\.c 
dcvclopmc~it ol' tllc proyram. Iiiqlicr Ic\.cis or 
slrontium u.crc addcd as \\.ell as larycr numi~cr5 
ofdoqs ill all Icvels, until the prcsent capnclt\ of 
lhc available dog facility had bccn rcaclicd. 

D~lrillg 18 montlis or waste processllic. 
r\\8rnty-bcvcli hatchcs of radioactive waste wcre 
lrcatcd, amoulitinq to over I 16,000 gal of liclrlld 
; ~ n d  in exccss of 14.5 mc of SrgO. Batch trcat- 
mcnt data arc summarized in Tablc 3. Thc 
nppnrcnr illcrcasc in pH \\.itll succccdi~t~ balchcs 
i, dltc to t l~c  pl.cclarification acratioll i l l  barcll I 1: 
alld 2 1-27. I t  Ins been notcd that prcacration 
is accompanied by thc rclcvc of ammollin, and 
a dccrcasc in thc b11fTcring capacitv of thc 
\\'aSleS. 

I'rior to ion cscllaligc, thc lcligthy SrBn scpa- 
ration proccdrlres are nor routinely performed 
in mcuuring radioactivity concclitrations. 
Tllercfore, it \\rill 11c notcd that the dccontarni- 
nation evaluations comparc tile final Sr30 con- 
cclitratiolis to net p activity. Tlic l l i ~ l i  Sr"J 
lcvcls liandlcd initially do not \varrant esha~ls- 
tive an;rlvsL for radioactivity as the SrDO and nct 

values are ascntially thc same. Tablc 4 slinws 
typical comparisons of SrDO and net /I valucs Tor 
lvastcs just prior to ion exchangc. Polli)\\.ing 
r a in  trarmcnt sllcl~ reasoning is no lonycr valid 
as thc small amounts of KaO, ctc. introd~lcc a 
largc error in a relatively small numbcr. .All 
sampla of ion cxchanqed \\.astcs tlicrcforc 
require tile rigorous SrDO separation procedure. 

The first twelve h t c h n  of waste were co- 
agulated with thc use of alum but it became 
increasingly difficult to achieve adequate clari- 
fication and a change was made to ferric sulfate. 
Continued w has been made of ferric sulfate 
with satisfactory results. The reasons for the 
inability to achieve adequate clarification with 
alum are unknown, although a decrease in the 
temperature of the waste b e c a w  of winter 
weather and change in waste characteristics a 
mom dogs were added to the feeding program 
were both probably contributing hcton. Ferric 
sulfate was not used initially because laboratory 
t a t s  had shown that alum would give adequate 
results with the production of smaller quantities 
of sludge. It had been dcterrnincd experimen- 
tally that optimum removal ofSrDO by the cation 
cxchangc resins would be achieved whcn the 



T,~/)lc 3 .  l { o ~ r / t  lrt,nllltrltt tit1111 

_ - -  _ - - - - - -. . 
I t a d i o a c ~ ~ v ~ ~ v  ( / r ~ / m l ,  

pH 
1l.ttcl1 UcCorc \'olunrc 

11urnbcr UeCorc Influent chcm~cal I)~scharged to ml I 

clrcmical LO rcsltl trra~rne~lt leachi~rg held 
frcatnicnt columlrs i ~rct f i  (Sr!") 

_ . . . .  - -  - -- - - 

I 7.0 5 .  1 j , 0.911 . i f ) - 7  0.326 , 107 
2 6.5 3.7 t I 0.17 1 .:! 10 
i 7.1 + . t i  14 0. I :4 I .,+'I I 
4 7.1 4.0 26 0. I0 I . 7 0 3  
I I.i.11 4.0 27 0.2 1 l .l:36 

b 6.9 3.0 i 7 0.01; 1 .!I04 
7 - 3.0 200 0.73 1.798 
A .- '7 5.0 170 0 . 3  l 1 .fi43 
' 1 

- - 
7 . .i .I..> 1 G5 2.43 I .GHtI 

I 0 6.8 3.5 235 0.5 1 1.3C6 
I I 7.2 4.5 230 0.6 1 I ..$I% 

12 7.8 4.0  2GU 0.0!1 1 .GG2 
13 \-- 3.5 230 0.04 1.313 
I + 7.1 ~ - - & o O  255 0.48 I .ti0 l 
I5 7.4 3.0 330 I .a+ 1.35 1 
I G 7.3 3.0 480 0.06 1.832 
1 7  7.7 3.0 440 0.08 1.3CiG 
1 8  8.0 2.5 400 0.0 I I .:ffi4 
19 7.0 3.0 450 0.011 1.111:i 
20 7.8 3.5 510 U.0 1 1.514 
2 I 0.3 3.11 54H 0.41 1.111 7 
2 2 8.7 3.0 G50  MI I .H.'J~ 
2 3 8.6 2.!) 750 0.18 1.855 
2 + 7.8 3.0 620 0.42 l .I175 
2 5 8.6 2.7 500 0.11 I.U?I 
26 8.3 2.9 570 0.10 1.893 

8.6 2.8 400 0.12 
1 q%(,L 

17 1.990 1 

Sote: Batchcs 1-12 were coagulated with 200-450 mg/l alum, nor. 13 and 14 requlrcd both alum and fcmc 
sulfate, while batcha 15-27 were coagulated with 125-250 mg/l fcmc sulfate. 

Table 4. Compmicm of Srw r o w  to nrt B =ti& in 
settled wastes before chemical treatment 

Batch ppc Net 
number jrpc Srw/ml. B/mi. Srw/Net P 

pH of the waste was below 4. Since the settled 
wasa was asentially neutral, concentrated 
hydrochloric acid was added in order to carry 
out the coagulation in an acid state. 

The DF following ion exchange treaunent 
appcan to be directly influenced by the clarity 
of the liquid and its rate of application. To date, 
thosc batcha which have proved difficult to 
flocculate, and have given effluents which might 
be termed cloudy, have been the o n a  which 
have given the lower DF's through the resin 
columnr. 

Chlorination of the clarified waste prior to 
. rain treatment in order lo minimize bacterial 
gmwth and s u h q u e n t  fouling or blinding of 
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FIO. 4. Dcconuminrtion of Sr* achieved by w u u  treatment. 

111c resin \\.as attemptcd with several batcha. 
14owcver, upon chlorination a fine floc was 
Iormcd which carried onto the rain, and the 
resulting ra in  DF was lower than expected. 
Bacterial growth ir no longer a problem at  the 
pH values now being employed. 

Fluctuations in effluent SrsO concentration 
may be attributed to many factors, including 
cxpcricllce gained in operation of tlle plant. 
T l ~ c  data presented in Fig. 4 show the general 
1111\varcl trcnd in Decontamination Factor 

(DF) which has k n  achieved with succeeding 
batcha; from a DF of 13 with batch 1 to a 
DF of 5 x 1V for batch 20. Facton influencing 
the DF are aeration efficiency, the degree of 
succen of the flocculation stage, rate of applica- 
tion of the ciadied waste to the resin columns, 
and leakage problems from faulty valves. 

In chis ux, Deconuminr~ion Factor 
total fld/rn/rnl-in settled waste - Co/C, = Srw-Yw d/rn/rnl in hnal cfIluent. 
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For batches 1-12 tllc first 3 ft3 01' rcsin \\-cl-c 
rcmo\.cd follo\vinq treatment of cach Latch. 
tllcir volumc replaced with frcsh rcsin. and thc 
nc\\. canlsten placcd in thc rear positions or the 
flo\\e pattern. i n  subsequent batches thc number 
ofcanisters recharged \\.as dictated by thc results 
obtaincd OII t l ~ c  prc\riol~s Latch and also by tlle 
tlcsirc to experiment with the system under 
varying conditions. 

Bccause of the rapidly changing character- 
istics of the incoming waste stream, particularly 
with respect to SrsO concentration, along with 
the long dctention time of up to 3 months pro- 
\.idcd in the primary sedimentation zonc, it has 
not brcn possiLlc to evaluate carefully t l ~ c  DI: 
obtained by simple primary sedimentation. 
Rcst estimates are that thc radioactivity is 
tlccreascd bv 10-50 per cent in its passaqe 
I llrnuqh thc fint three tanks. Chemicil congu- 
1atio11 rccluccs the remaining activity by 25-30 
pcr ccnt. The prcssun filtcr ofactivatcd carbon 
and sand, along with thc cotton plug filter prr- 
c c d i n ~  the r a i n  rolumns, eflrcts an additional 
small dcgrcc of dccontarnination. 

Thc rcsidual s l u d ~ c  from eacll batch clari- 
fication is transfcrrcd to the primary sc t t l i~~g  
(ImhoK) tank. Diqntion occurring in t l~is 
c.lraml~cr main ta i~~s  thc scdimcnt at a rclativclv 
[ I I ~ I I  i111tI COIIS~; I I I I  lnycr. It is mti~natrd t o  
occupy a volcrn~c ctlcral to almut I00 x:11 altlro~rgl~ 
o\.cr 100,000 gal of Irastc havc been processed 
ovcr t l ~ c  past 2 vcan. This radioactive sediment 
\\.ill ultimatcly be concentrated, solidified, and 
if neccssay, disposcd of offsite. 

The goals set for the concentration of SrsO in 
thc cfflucnt from the treatment plant upere the 
~ u i d e s  set by AEC rqulation Title 10 P a n  2Ot5l 
\vhich pcrmit concentrations of SrgO in the 
\rater of an off-site population to be lo-' /LC 
SrsO/ml on a yearly average. Thcse limiu were 
cscecdcd in six batches. and five of tllese batches 
wcrc reprocessed to rcduce thcir activity level. 
The net result was that the concentration of 
1.0 >: lo-' pc  Srso/rnl was exceeded in two of 
the nventv-wen batcha discharged into tire 
leaching field, and tile average concmtration of 
all twenty-seven batches was 3.5 x 10-8 pc 
SrDO/ml. The relatively high activity levels in 
the discharged wastes constituting batches 9 and 
I.; (Table 3) uTere due to faulty valves which 
pcmittcd raw waste contamination of otherwise 

clficicntly tt.catcd Latci~cs. i\ total of 15.3 tic of 
SrY0 \\.as tllus deposited in t l ~ c  leachilly ficld. 
The  nature of the soil surroundinq the icaching 
ficld is sucll that its high clay colltent 120 per 
ccnt montmorillonite clay) would cxert ion cx- 
changc propcrtics and yreatly restrict t l ~ e  move- 
mcnt of tllc SrDO throngh the ground. 

.4 study of tllc remo\-al ofradioactivity Ly the 
ion crcha~lycrs \\.as undertaken for Latch 16. A 
total of 4U$0 qal of chemically clarified \vaste 
was treated by ion c x c h a n ~ e  and radiochemical 
analysa performed on the effluents from tile 
rcsin with rapcct to time. Samples of the resin 
cfflucnts progmsively iucrcued in total activity, 
l~avinx 0.2 x 1 0-' /cc/ml after 900 :a1 had been 
trcatcd, 0.3 L lo-' /rc/ml after 1700 qnl ant1 
0.8 r lo-' /ic/ml follo\oing treatment of 3Gi0 
gal. T l ~ e  avcragc total bcta acti\ity 111 tllc 
holdinq tank aster tllc enlire Latch llad I~eeli 
prw.ascd was 0.4 i: pclrnl. Of tltis total 
beta acti\,i~v only 0.06 :< lo-' pc/ml \vas SryO. 
Tllc otllcr Ijcta activity prcscrlt \\.iL, duc to 
natural backqrountl ;IS wcll as tlic s11o1.tcr l~alf- 
livcd dauyl~trr  isottrrx Y'O \ \ l ~ i c l ~  passes I I I C  
cxchanyc resills in grcater amounts 111nn tlucs 
thc srrontium. This had 11cc11 prcdiclcd in lllc 
initial 1i~lw)ratory invatiqatior~s and \ras onc 
~.C;LSOII filr prc~viclirtr: storayc t a n k  for tllc rcsii~ 
rfilltcrlts priot to tliscllarqc in ortlcr 1 0  pcrrnit 
lltc \\,iutc to rci1c11 sc.cular c q ~ ~ i l i l ~ ~ . i ~ ~ r n .  

The  first thrcc ion cschangc cartl.itl:lcs uscd to 
treat batch 16 wcrc rcmovetl and countcd indi- 
vidually in a whole - ldy  countcruJ nltd thcir 
Bremlstrahlung emission comparcd \\.it11 a stand- 
ard containin? radioactive strontium. LVhilc 
this evaluation is not considcred entircly quan- 
titative, i t  has been found to be within 10 per 
cent of the estimate of the total beta radio- 
activity contained in the influcrlt to the r a i n  
columns. Approximately 70 pcr ccnt of the 
radioactivirv \\.as contained in the fint ft3 of 
rain.  the sccond scqmcnt contained an addi- 
tional 20-2.5 pcr ccnt Ivhilc the third r a i n  
segment retained approximately 3 pcr cent. 

SUMMARY 
T h e  need for continuous treatment of organic 

wastes from a Iargc colony of dogs on a diet 
containing various amounts of SrsO rquired the 
design and construction of a moderate sized 
waste treatment plant. The  contaminated 
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\,:l>rc-s contain in esccss of 3 ): pc SrsO/ml 
;111tl arc produccd a t  approximtciv 200-500 
L';li/da). . Dccontamination depcnds upon cfi-  
, I C I I [  utilizatioil of tllc principles of primary 
scdimcnlatiori, aeration, chemical clarification 
,111d filtration prior to passage of the waste 
i i ~ r o ~ ~ q h  5 ft3 of cation cxcllangc ra in .  T h e  ion 
cscllangc pilase of the treatment process is 
opcrnied as a ~ron-rcgcnerativc systcm. 

.\vcrage discharges of final effluents to all 
u~ldergrour~d Icachillg ficld have not exceeded 
111c current permissable co~lcentratioll in drink- 
in; water for SrsO. Dccontamination Factors u p  
lo 3 ; lo4 have been obtained in thc treatment 

1 ~i ovcr 1 16,000 gal of \\.asre. Cost of trca tment 
i, currently estimated at  lcss than 15 cents/yal, 
illcludin? material, labor and plant amorti- 
 ion. 

;\dditional investigative work is k i n g  cow 
a 

tiilcted to dctcrrnine thc influence of v a r i o ~ ~ s  
factors on the ion exchange dccontarnination 
1)rocess. Included in t h e e  arc  the cHcct and 
Iitc of tllc organic matter in the w s t c  in ion 
cxcllange treatment and. through use of direct 
c.o~llrtiny of tllc ion exchariqe rcsin columtis in ;r 

\~,holc-body counrcr, factors influencing sorption 
and uliimalc desorption of the radionuciides in 
a particular cxc:il;l~lge column. 

.~cktrowlrdgt~utti~-TIIC autliors \ ~ , ~ s h  to acknowlcdpc 
the assut~ncc of the Division ol Radiation Saletv, 
Univcnitv or Calilornia. krkelcy, In the dcsiqninq of 
the wvlc treatment plant. ProTcssor \\'. J. KAUF>IAU 
has provided invalunblc guidance in its dcsign and 
operation. The coopen~ion or 51cssn. .A. HUFF, 
C. P o r n  and K. KROLL in thc rneclian~cal opcratlon 
of thc plant is apprrciatcd. 
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ENWRONMENTAL MONITORING & SERVI-. INC.' 
Formmfiy EnwmnmmtU Monltonnp 6 Smw~ms C.ntmr 

of Rockwm~I Intematlorul Corrmntion 
2421 West Hlllcmst Orive 

Newbury Park, Witomla 91320 
(eos) r e s a n l  

11 Octobu 198* 

Pour aoU ...plea v u a  mane W --ESC co opr ~ t r ~  for  
tu-. E u h  a-1. vu tamed acwrdins w P2A organic -7.i. 
protocol fo r  o o k c i l a  orgmica (EPA behod 626). a r i r o k c i h  or- 
(EPA behod 625). p u c i r i d u  (EPA Mmchod 608). & urrl. (CrlLfornk 
CAM rehod).  

rtY &U fo r  r o k c i l a .  m a i v o k c i h  & urrl. urn .IIIYLL.d 
ln.Tablu I. X I  ud LIX.  rtY Ha q- ...n tb. rrbod bhuk  
lrrrl uum r-lm chlorida (Tabla I )  md bi.(l.-.-l -1) p h t h r k u  
(Tabla II) In -la Worn. 140 rod 143. Uoor of tb. coqorndr 
m u m  &on tb. r e h o d  &euUon lhiu In tb. -la Boa. 137 and 139. 

'rb p u w  f d  to k b d a  &me- w. rAbh IT sivmm 
tb. &caeticm U d c s . f o r  thr r o b t i t .  d v o k t i l .  rod puc¶&& -- 
of tb B.urdau Sub-. Lkc (BSL) rod T d l u  V. V I  and VfI, gim tb 
aura-- fOt t b  roktF1.. d v o k t i l .  md p u t i d d m  capocmd.. 
b c o ~ m e d  cor r l  ion cbraucogr.r for  tb roktfk. u s  ' p r m t d  ln 
liguru 1-5. and d m -  in Pigumm 610 .  T ~ A  -corn- 
for tb pu- & f e u  u. .- In ffguru 11 tbroqh 15. . . 
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Itapempctm view 
WIuu are they? Toxic chemicals. How many are there? 129. 

Complying with a 1976 court settlement. the U.S. 
Enuironmmr Protection Agency is spending about 560 
million to obtain the necessary data for forthcomina 

regvhtioru that are the begrnning of a bertei way to m i i t o r  
indrrstrial wastewater discharges. NCXI month 's  authors 

present a cost-effectiue method to a d y z e  for these pllutams 

m a -  I- 1 

t h a  ,c a d  uri)-d.rdopr8 
r m m  

A JW 7.19n. m-I 
1mdnn8 Ib. €PA and U mw- 
ronmnuily - ph~ouffr 
( Norani R ~ l r ~ r  W- CnmoL 
lncr EmrmmmU Waw Fund. 
Inc: 8- f a  Ib. Pubk  la- 
~sra 1% NrUolpl ~ a d m b n  bO* 
a Y .  Inc: a d  C;,I.a f a  r B.lls 
Efnmm-)burnbrrrkbqgg. 
L r m r n ~ l h ~ A C o l l w a D a r r '  
-m=mbaqm~pulr.plrmIb. 
EPA f a  fa& co 1:qhma1 pmmm 
d ~ b m ~ W w P o t l u m a G m m d  
A a  (P.L 92-m). Oo. rsult d tlm 
l u q m u d E P A r p . b l n b a I L I d  
lar pdluu8o f a  -&b 
~ ~ k a r t . u o a r o a d  
n.rld.u .rqld be- ( a 4  r. 
F- 19n. o IS). 

n m C o r r w a D . a r ~ l h U  
' . . t h .  (EPA) A-la Wl 
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l lmr cat tn no QY Uur l h n  June JO. 
1983. o i  eiflucnt I lm tuuom and 
'p1W8na Tor  clure,md a y o n a o T  
point - wnlch shaU requare a p  
p l iauon  o i  cbe ba t  avarlable t a h -  
n o l o q  (BAT) economtatly achlrr- 
d b l c i o r u n a t c q n y a c u u . .  .-Tbc 

w e n t  Omec rlro r c q u r a  new 
.~urcl perfanunce s u a a d a  and 
p m r ~ u n c n t  sundudr  for 21 tnaw- 
t r h ~  crrcpno (Tab* I ). In addiua~ 
EPA hu daadcd LO - pubtic 
awned u n : m m t  works (POTWs) u 
a vpnu crww. 

The o n # l d  co l r rec-  OM- 
mind a s m a  y)v.(Ylu# d OOV.SU 
r o b c p U U d d r U ( ~ f o r t b e q u v o d  
~~YIIUMI LO be pmnYlglCd (Tabla 
I ). The vkdulr m @ m l l y  prr am- 
rmxm only I 5  m o ~ -  to ann01.u 
thew dm lad waluuonr N a  
'dam r h h  rrll #m €PA ma ua 
AN aralun# a p p r a l  by thm US. 
DiunaCaur 

A n o r b r o P m p o l . l r d ~ c o l W u  
O c r r r u a l i u d 6 J c P n a v a B r a b  
c u m d a m a r c . ( T a b * 2 ) . ~ u l  

JI t t innotojy-aocu rerJuurrunr dre to 
be a u o l u m a  lor ibc control 0 1  the 
-65 pol luunu"  In a11 21 point-wrcs 

~ n d w v u l  a u g o n a .  n u  list wen- 
tually famar cbe TOXIC PoUuont L u t  
~ n d u d u l  In P.L 92-500 under R n  107 
(a) which C ~ ~ ~ Q D I  ~OXIC mauruL. 

E n w m r n c o u l  and a r u l y u a l  
chanuuy  p h y  u # d ~ a a c  ma tn ob 
ulnrn# dru upa  r h r h  rhcv -9- 
h ~ u c m n # b d . b u t I b m r a r  
l o m d r u r l r l k u r a r o r a u l o d :  

M~nrmmm k m b  rm 
not +Id 

T b . L o c d 6 J ~ u d .  
chvr d o~moovadr Cudd l n d a  
t- d NUUDU d dl om 
p m a d 8 l n . u l , d l h . c l u w ~ . U  
0 ~ o P m ~ r a 6 m .  
1- 

b u n u r u  rnetnuLl lur COIICLLI~U 

and m s a r l n g  the o m n l c  u m p l a  
W Q l C  UluvaIIaolL 

S m u U r ~  metboor for uuly-an# 
0 r p n - m - p . 1 r u u r n l a r c r c  
unava~lable. 

Ycrmbdelrrr l a n l n c u  were let as 
mandated. u m ~ l c r  w m  u k c n  and 
a m i w  4~ h # u h  C L I I L U ~ ~ ~  wtth 
t h e v  a s u n u o  EPA chrmrrrr rm 
u y ~ L O - w m c d c b c ~ ~  
~ c u v d b y r b . T m u ~ ~ u -  
u n c  LYL A 1  an ~ n f o m d  man1118 m 
Kamu City  In  h r c  0aob.r 1976. W. 

p r o w  lhrl the 1n1m.I (-ma 
P h r u )  dm for the ~ M C  pdlu- 
u n u  bm caoduaad by ~u chmau- 
t o g n o h y - m m  r p a m m a q  (GC- 
.HS). GC.nUS n a  thm only a v u h M .  
t c c h ~ u q w  Lhac ooLd d r a u f y  a w d .  
vumy dl-lrdr UI many bffu- 
m c  n n m c l .  a d  lo U of  
tncufmnng olspardr Rrnar a- 
m .nth s ~ ~ l  a d  dnnL.8 
wmur wp(r h d  rbal Lhat avay 
~ U r r t l o u l d b l d a u c r d  
u d ~ ~ d u r b . l p n p r  



btlllon (ppb) 1-cl ulna wmplccr 
mM(M GC-MS. -1- 10 ppb 
w u  ru&gotcd al A raSWIAo(c k d  I0 
&)P la ID tnduuut cfflucnu. 

A d y l d  mtnlmum &teama Icr- Z c b l a n u n y p c r ~ ~ ~ y ~  
in chc F r d d  Rtg~ncr.  so a was SUE- 
s c u d  t lnI  c h w  S U M  mahodr 
8 n d ~ h . b b c u a d l D r r P 1 y z a  
rapsuPdradpdydlloM8udb- 
p h y b  (PC&). H-. 8 
m u a r v d m l h L b 8 ~ d 8 M -  
I y z l n g l a m m a a y d . l w d a p n w  
-mt&TarcPoll.runka 
Thcch.Lt.nwdchonusll.rulyud 
a umpk  f a  l l ~ l l y  t h a n d m  d 
-0ommr 0 -aycnna--.ap.surl~v 
rkencbercnnOmowl Imyb8tpn 
pr bllnm kvda  tn a om* n m p h  
rrmulr. Thc awuvc of wurco. 
tngowmrrmcurd laspm8lmL.b  
nmo rovld be a m b d r m n a  I( 
d p m m 8 u a n p t d f a a U p o v c  

blc chcmtalr on the o n g ~ m l  list d 
compovndr 8nd ompound C)LYQ 

In adcrlaonmam IO br8blc10 
lubrmt m u  lor amducung anal- 
lhcyhd1081Icuchrr8l i i tukud 
compound, IO bc ~ l u l y z e d  for. 
Themlare. A raEond mcrung ru kAd 
a fcrrccksh1a1nAU8aUIOrrrok 
thc Camrat M Touc Pollumn& 
Luc into onc Ib.1 was o ~ m n a x d y  
ad 8 ~ l y u a U y  - g a b k  

In addrcvlly cb. 13 m-cb. 
Task Polluunu Liu Ib. . . . 
ad&&?-"rumurp. ld 
m m a m ' t o u A ~ - r h Y b r o r l O  
i d &  bah 1 c l o r p . w  atid wg8no- 
marllie compoua4r The .uadud 
m a h o d f a a d y s u d c o u l ~  
r u J c b a c d a d - ~  
~ d r l c ? d v n u l L ~ . T h u L I l a L Y  
of 50 aymcl dmrnr pl luunu.  
Noc ououng PC& urupbcnc .ad 
chlordane. them- 18 povpd 

orcanlc polluunu. mch conutntng 2 
lo 50 oompoundr To m l v c  thcv 
gm~p into a 1u1 r t t h  ritcm propor- 
uamrcquoddaulauLb.LaddrCYed 
r h c C o c u r n 1 ~  

Four c n c a  rere cmpbyd IO 
plmnuzc ud wlra @IC rcpt-  
scnuuva ompaudr  f a  a s h  youp. 
n u  pond& che rcqutrod spCari1y -- f a  - P w  d w a  
~ r r d f a a R u n a a u n y c r r ~ n  
r ~ r b a l ~ ~  aba LO 

~ c c . I h l n n y b a d l u w  - 
All cumpoumds sp.p f ia l ly  

ruawd tn the Torw Polluunt Luc 
CT8h 2) m aumnauspuy lnddd 
l ? n a . . I L b A l r y d ~ ~  
f a  rrnrrcuroa and quraurkauca ru 
conudacd mrndawry. Thercforc. 
m u y  rr~rerrnuuvc a~cnpaud added 
h d I O b . I d m a l L c u c m ~  
= m y  aulg 
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- Frequency d i  xcuncncc JI tne 
rcpCeYnuuvc mrnoouna In water w u  . an Imponmt conrlacnuon. Al l  com- 
Parnor ucrp tnov named rn tnc 
Toxic Polluunc Lut wen arru~ducd 
II [ h e  were iound wltn I frcoucncy of 
23% of thc total knuwn Iuunyr lor 
(ha1 ckua ui armmunor. 

Chemlol pmucuon dau w m  
used u a gudc iw pnonunny c h a w  
wkm bey +m ava~hblc 

A d n k  nunwcllpt of an €PA re- 
port luun l  all knawn or-c pollu- 
u n u  (other than D ~ ~ I o & )  ~bnu f i cd  
wrldwda In water tkmulh J v a r  
1976. ru uYd for thc cnccnam of 
~ h a h a a m n m ~ u i r u a ~ ~ d  
wacr pollutant (Shackelford and 
K a t h  Frcq- of O-IC Cam-. 
pounds ldcnuficd In Waur. EPA- 
600/476062). Ten m n l s  c h c m u l  
c a w  rorr h a l  to dclrnn~ne 
wkauur cb.ausri r u &  w m  

cornrncrc~~lly ~v.Illrblc. 
finally. Suniord R-n Inrtl- 

tutc'r '-1976 Dimor) .  of Chun lu l  
Pruducua USA.' and Radian Cor- 
ponuon'a 'Organ~c Chcm~cal Ro- 
duceo' Dau Bast Pmqnm" were 
uwd LO gather d;ru wnccrnlnp man. 
utacrure u i  mrlow unauiatc com- 
poundr A lut  uf 13 malcnru w u  fi- 
nally armp~ial  and submlud LO the 
-ul Olunulfr m cbo Consau 
Dssror At  thar r e q u a  five aMi- 
uoml A m c b n  and d~-r-oayl pkthal- 
a u r s a a d d d r o ~ c u r r l o u l c o  129 
(couaclng tha Aroclor m l r t u r a  
chlabrw t0aapk.H and ~ b c u c r  
each u a R i m t y  Pdluunt~.  

Tabla 3 rumamnm thrr lux a d  
aha lndierrcl &ha rrLuva (rrq- 
n t h w h d ( k o r m w a m b o r y  
farad m ~nduuul wast.ramn. 

O n a  tha Pnoncy Polluunu rm 
d d m d  u a f ia iu liu of nuMnlr  81 

- ~ 

mculr 
asboIOI 
tou l  cyanldcr 
peruudu 
cornpounda extracted under 

lCld4C andluau 
earn- amad wda rl- 

kaiina andiwar . n c p W  u lnaab le  cnmparndr 
l0IAi D ~ E I O ~ S  

d c p d d  m w ua&ud m d a  
m- far th a ~ I y w  d PO- 
uadm ud char ( I Y U b o ( 1 l ~  n u  

cmolw rrtncuon Flonuf 
d u m a  el-p d cbo ononuatca 
c r u a a  and rn c h m m ~ q n p h ~ c  
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anrlysu. using an electron crplurc 
dctcnor. S~ncc t h m  were few basts 
mmpounb. L ~ I S  gmup ru comhncd 
with thc n c u a  mmparndr Thr and 
rxrmcmole Pnmry Pollvranu rn- 
clude only p h d .  Thc mnarntn8 
a r p n v a a n p o o o d r m r k r h c a ~  
of acmlan ud aaykntmlc w s c  
rcrbly plqablr lmm 4- du- 
uanr The Luer rn u u l y z d  by 
dl- 4- m p a i a  GC-MS. 

Th- a n  urn p h u  d a n d m  
tnd rcd  r t rk  the P m y  Pol luunu 
Thc ~ n ~ u r l  work u d m c d  IO u Ih 
%n8 Phur '  lu o b m u  LS to 
drlina r b r b  d  I& Pdluunu 
a n  m Ih. mud and u n l m u d  
W U U I . ~  d ach d 1b8 tndu&rul 
ca rqona  Thc road ' V m f t u o n  
P h u - I S c r , ~ c c r U r d l i o r a a r  
of the nnam truuncnt -rcr 
under urnrduruoa. Ths final 
'Mon1rona8 Phlu" r t l l  bc ud for 
mmpl~anar mocuconn8 d sure and 
leden1 drvhrqe prmlu. 

. - -. - .  
. -- - . 

A s s i i q m n u u ~ ~  d r u  by 
GC-MS is all rh t  m -land to 
~ U r ~ d t h E § u u m q ~  
P h u r T h r r o . M a a r f ~  
p a - ~ i o r & o s l p o r o d  
aod chrorr~cqnpbr lnaboQ rsr 
dmdIhurovld.Ibr.nmb~ 
~ ~ d s s b ~ ( w l I h  
r- croepmm). 

Tan Bdhr ud Jim Lrhconkr& at 
EPA's Emrronmaul M a t l t a 8  and 
S u m  hbaq In Cinonmu. 
Oblo. hd ba hnrrupun8 a purt. 
rod uap auld lor m l y n n 8  *cr). 
*durl. apae tn water. 
md tba lCbpq rwuaPP(mdY lc -  
d a l l y  to 29 d thc Pnmcy Pdlr 
unu. fh. hu Ron W.bb at EPA'r 
EmrroMlslul Rorrch bbmq 
t n A - G a r y r h d b n ~ -  
p u n s  Iqud-lqud ruroema ud 
mnoul apclpnuaua lnabdn for 
~ m u n n d P u n b u l . ~ l c  
apmpada lmm walm 1h.U Iccb- 
nlq- - lpOd -""y to 57 
d Ih8RamrPo lhusc rOc rmdUr  
uLmEYh o m o o . ~  arc p- 
almad vsdrrrobcoabuan -8th 
mahvlcllchlondrand~arcmnucll 
and bDvc ompaadr amad undcr 
a l k l l n  o n b t u o r ~  r l t b  the rum d- 
rcnrTbo26pornbrrrr~uvocrcd 
wrth a muhykm chi-hame 
m t x t w  uuy a v u  alquoc d 

wuuuater. Tk p11rp#8 u m p b  
rcqutm a thtrd a l q u c  d wruorarcr 
collcled umntc ly .  

Thc Qlrm was nude to use ODD- 

vcn-l packed columm lor a l l  
chrorrvlqnphtc bcPantIons 0.~11 

lholyh It ru rdurcd that caplhry 
dvmnr rold p a d s  supmor - 
luuoa. b r u  -1 la-1- hd 
h d  htU8 u w  wtth ap l la ry  
duaar and urn t k  drauf~uor 
rod q u ~ ~ u f ~ u o r a  rsr to bc M 
a o ~ d s a n ~ m m m l h  
a smU m c u o a  unu ' w l d a . '  i t  
ru aa naauv that oarp(cu 
chmm-phc d u u o a  d all - 
grmr R o n t y  Pd luuau  b. 
a c h m d  

T o p m d t d m o l l l p v o r d a b u o r -  

i ? y c h . C h m d O O r n p ~ ~ d t n U r  
la* Pdl- LPL all GC-MS Qo 
arc baa8 -m~ttcd to 7 
S M I .  QI llm#lmIC U- L~CIPL 
th. orpnlc a t racu  am ban8 U 
and nard at rubacro c c m m t u m  at 
the At- Gcwgm. Ennmnnnaul 
R 6 a # c b  L-la?.. mamas 
and GC-US upr nuk8 up Ur ma 
almnm8 and rrprunULM - 
s m m n d d a u o r o r p a r - m  
i n m - r ~ ~ ~ . n M l h U h u m W  
b..nrxnnmkhThrrrllb.- 
runher lor addiuoul  -pound 
d.aufIU- as Ik 
7- 

W ~ l a  bUtIpb0 th8 
c o m p o u d  am d k u d  In 4-mL 
gkm nab nh Tclhb(ind upm. Th 
vtab are os lg ladv  lilld m m hub 
b l r  am prca~ U ~ o ~ l l v  S m L  d tho 
vmpk r p M  with 
mQhOrw and 1.Ldichbroarum as 
intemnl s u m &  IS uud fur tb8 
amino. After b n n ~  trami.rred to a 
$L;ur . ~ u y n #  tub: with ;1 fntud-@au 
botuvn th8 r pum -8th k- 
lium. 

The rdouk organ# am smppd 

Tmm the w a w  and a d r a b d  in a 
scunlcu ucrt m p  pckd - 8 t h  Tc- 
n u C C  rno a ~ l t a  ad. A t  the wm- 
~ m d * p u g n s n c p . I h p r b  
t o t h c t r a p u m e r v d a n d t h e v r p n  
n W y  hal .dcr ,  1110*CThrapnr, 
arc m l y  fmm the t n p  
to the M d d . P I r q n p b l C  
cdvsu bdd at - tam-tun. 
Whea dcrorpuoa u om- thc 
Chrolrplngnphrcdvsu n umprr- 
tum prqrrmcnd ud rb. arpnlc 
cam- am d u u d  into a am- -- - rp.euormcr 
r h  they u a  d a d i m d  d qlvntc  
f"Lnunlly.cmhad.q(olmk - by 6m 4- a n -  
pruor bs.rdS- 1971. Ikc 
EPA h u  aucbar rd  u -1 
a d p i s  I& pwga d rrrp 
=hw= 

F+m&nm with t&Scmamg 
Phs8 nB8fhoQ tb8t hr, mc 

kca radred - ommorn& rqud 
a b o u 1 0 0 ~ ~ t m u d d U ) a g l o r  
mtmmum "'"m"" 

Pbernn- a d  Imhn- 
a r u m I l d a o a e  

I . 2 - d 1 p b o a y l h y d ~  dc- 
c- to uobaPra a d  N- 
n 1 - W -  
r o w -  

*-- 
a bmd la s h r o r P l q n p h ~ c  
w 

O v a  4uau d 
acmba and auyhml. Pllia, 
T m m l a a a m m w y o a d I h r ~ n p  
 elf^ lor rr I. 

nnnblr 
I n  rpu d t h u  bKuutua th. 

Scmunln8 P h w  Protad u tub. 
ae~rl l l  lor Ur -1 m p n l y  04 1118 
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pCf 4 with pncupnortc A L I ~  AII~ L ~ I I I ~ ~  
rhac sampta u n  oe ~ n ~ o p d  bv n r  
and they must be duullcd wltnrn 24 
houn after recccoc at thc labontory 

' L.Am~ncnnupvnd~ne IS addal to the 
d~>ullatc and ihc raulttnq d\c 1% ex- 
tractca Into chlorolorm and IIS ab- 
ur0anc.e IS rncvurcd at 460 nm. 

~ b a a o  Slncc them arc many 
typaolasbcrw thc l i n t  pruolcm wur 
h w  to d c i i  IL AlbQ(OI wu defined 
finally u - f ibmu asbator ' and eon- 
~ u r r  d c h m r k  Tu I&W tho ti& 
wata u lilrurd 1hmu;n a *uclcpwa 
f i l m  mr~ the reu~nab mntcuinta am 
a&on a n d  uruhrwacuum. The or- 

!= r filter u drvdved wrth chlom 
o r m  Iawln# me f ibm c m h l d d  In 

a arbon film. A portton of thc film u 
rruyltficd 20 000 ttma w~th  a tnru- 
m- c~at ron mt-p. and thc 
asbrua f i h  arc ~dcnuf id  by sc- 
l e a d  a m  elcuron dtffnnlon. A 
reprewnuttvc a m  u l  thc clauon 
rnl-p y d  u awarcd and thc 
c o m s l u a u n u c ~ m m l l u m d  
f i bm pr llur a n  bc a h l a d  from 
the rur d tbc rater umpk. 

R w d  Ru- Penodtdly 
rcprrsrnuum (ran EPA. 1ndw8y 
andCh.omLmahbOCD~~~monLO 
---mlN- 
l y t d  rccbnqw and cbertntvldrU 
prqrrrm. h moruop tmu p 
vdodaa.rsrUarfmImlorCh.rbud 

1. u ~ d t h e c h a ~ ~ ~ ~ n  
L thaa MI- In m y .  II not mmt 

~ r p l r L u a p ) r m 8 p a d d c o c b .  
t n d v v n r  t n d r d  w a m p -  d 
tk.drurrdch.m-aob. 
r n d r T o d r u n o l e r r s c h u ~ l r ~ b  
d w v r r l r a t y a p h . t m l l u & t m -  
~ t a n l c n b u u o c ~ L O t h . a T u ~  
tcnuna - a d  m--I of t k  
J l u l y l l d  p-. 

Tbm V m l l e c i a  Ptmw n da~;ncd 
to prond. a bPru lor drmopln# new 
xvra @ormnna rundnrdr pn -  
tra-I sundardr and BAT rqu- 
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A P P E N D I X  C .2 

GAMMA S P E C T R O S C O P Y  ( C  ANOGA PARK ) 



UC DAVIS GAMMA SCANS - SOIL SAWLES 

Soil samples were counted in groups on a shielded, high-purity Germanium 

crystal. The gamma rays were spectral'ly sorted according to energy by a Can- 

berra multichannel analyzer Series 85 with built-in computer. 'The counting 

tfmes varied from 1,000 sec to 10,000 sec, so in reviewing the data printout, 

the time of count must be considered. Also, no two samples weigh the same. 

The scan is for isotope identification only. The Canberra has a built-in res- 

ident library. When a peak is identified, it searches the library file of 

isotopes to try and suggest a possible isotope. When it finds a peak near the 
one detected, it will print out all possible isotopes according to the list in 

the memory. The hard copy may indicate an isotope and quantity, but further 

research would be necessary in most cases, particularly for natural activity, 
except K ~ O ,  to positively identify the isotope. 

The results of the scan indicate the presence of natural uranium, tho- 

rium, and possibly radium and their daughter products. Naturally occurring 
potassium 40 was of course present also. Traces of Cs 13' were also indi- i 
cated, perhaps from fallout. No significant activity other than natural was 

identified in the samples not sent to an independent lab. 



W SCAN DATA - LEHR 

Col l e c t i o n  Total Re1 . 
T i m  Act1 v i  t y  
(sec 1 cs137 Sample Number Locati on ERR 'Z - 

1, 2, 3, 5 Hole 1, top + 5 f t  H2, top + 20 f t  
I 7, 8, 9, 11, 12 Hole 49, deep 8, 5 top, 9 top, and 1167 
, 13, 14, 15, 16, 41 Hole 7 deep; 2 In., 5 ft, 8 p l a s t i c  140 11 In. 

17, 18, 19, 20, 21 Hole 9, 2 in., 5, 10, 15 and20 f t  
22, 23, 25, 26, 44 Hole 10, top 5, 15, 20; hole 18 top 
27-31 . Hole 11, 4 In.; 5, 10, 15, and 20 f t  I 32-36 Hole 12, 4 In ;  5, 10, 15, and 20 f t  

1 37, 38.40.41 Hole 13, 1, 5, 15, and 20 ft 
45-48 Hole 18, 5 ft; Hole 19, top 5 ft, hole 20 top 
49-52 Hole 20, 5, 10, 15, and 20 f t  
53-56 Hole 21, 5 In., 5 ft; Hole 23 3 In. 5 f t  
57-61 Hole 23, 4 in., 5 6 10 ft; Hole 24, 3 in., 5 ft 

I 62-66 Hole 24, top; 525; 3 In., 5 ft; hole 26, 9 In., 
5 f t 

67-71 Hole 27, 6 In., 5, 10, 15, and 20 ft 
74-78 Hole 288, surface 5, 10, 15, and 20 f t  
No. 73 Hole 28A, 6 In .  
No. 72 Hole 28, 6 In. 
79 and 80 Hole 29, 6 In., 5 f t  

2.5 x 10-3 
3.6 x 10-5 
Trace 
1.6 x 10'5 
2.3 x 10-5 

66.6 
23.5 
Trace 
86.6 
43.6 

2.2 x 10'- 
2.2 x 10'- 
Posl ti ve t 
l o s t  
8.8 x lo-' 
1 x 1 0 ' ~  
2 x 10-3 
2.3 x 10'- 
2.7 x 10'. 
1.5 x 10'- 
0 
2.7 x 10' 
2.1 x 10' 
2.7 x 10'. 
2.3 x 10' 
1.7 x 10' 

84 and 85 
89 and 90 
92 and 93 
94 
95 
% 
water sample 
130-1 31 
1 33 
126-1 29 
121-124 
11 7-1 20 

Hole 30, 6 in., 5 f t  
Hole 31, 6 'in., 5 ft 
Hole 32, 6 In., 5 f t  
Dog pen surface saaples 
Surface sample l oca t i on  no. 10 dog pens 
Surface sample l oca t l on  no. 11 dog pens 
River discharge, a p p r o x l u t e l y  50 gal/mln 
Hole 29, deep well,  d r l l l l n g  mud 
Ashes dug up by gophers; Co-60 f l e l d  
Hole 29, 30, 40, 50, and 60 ft mud samples 
Deep we11 no. 1; 40, 50, 60, 6 70 ft mud s a q l e s  
Deep wel l  no. 1 ; s t a r t  t o  30 f t  I n  10-f t  
Incmments 
Sed lwn t  a t  14 ver d l  schargc 
Surface sample dog pen no. 12 
Surface sample s l  te no. 13, WE comer  
Surface sample east  o f  b l o  l ab  (no. 14) 
Surface sample near shop (no. 15) 
Surface sample f r o n t  gate (no. 16) 
Surface sample f l e l d  d ra ln  s l q  
Surface sample near washdm pad 
Surface sample near f l e l d  dra ln  s l q  
Hole 13, sol1 c a p o s l t e  hole excavation 
Dog pen samples 6, 7, and 8 stackcd 
Dog pen samples 1, 2, 3, and 5 stacked 
Hole 20, 27, 288 a t  20 ft, Ca l i f o rn fa  samples 



III: nAUlS SAHPLES I. 2 .  3 .  8 5 -- SAHP1.E I.OCATlON HOLE I1 79PSOlL AN0 5 FEET - --  I49l.E I? TOP M D  20 FEET -- I.EHR 
\ 

T A G  nn. = 123 RIHL-CANPERRA-FH BADGER P ~ G E  r 
A D C I  I L I V E  TIME = 2000 TRUE 1IHE = 2003 22 AUG 84 20:36 
COLLECTED A71 IP:S8158.0 22 AUG 84 

I:NERGY(I:EUIa 0.20996E-06 rCH-2 4 0.54172E00 ?cH +O.S9208EOl 
I'EAK STATISTICS'; l-.%i"-- - .  HIM.UIDTH= 6 HA1 UIDTH= 8 
AREA bACKGROUYD- 3 ZERROR- I .OO 
IS0 I U  UlNDOU- 3.0 KEV IS0 10 LI lRARI= 1 

.AGE (DAYS). 0.87612EOl TABLE 1 

R o l l  I FROM 12.0 KEV T O  81.2 KEV 
PEAK AT 77.2 KEV FUHM- 0.7 KEV 
INTEGlrAL* 338 RATE. 0.1 CPS 
AREA= I 2 2  ERR= 25.41 

11-207 AT 75.0 KEV 0.22408E-03 UCI 

l i O I l  2 FROM 07.9 KFV TO 94.4 KEV 
PELY A 1  92.1 KEV FUHM= 0.S KiV 
INTEGRAL- 194 RATE. 0.0 CPS 
AREA= I 2  ERR- >>>>I 

R o l l  3 FROM 183.1 KEV TO (89.6 K N  
PEIK A T  184.3 KEV FUHM- 1.0 KEV 
lNIEORAL= I 3 4  R1TE- 0.0 K1 
ARE& 30  ERR= 60.01 

ROI8 4 FRO)( 235.4 KEV TO 242.2 KEV 
PELW I T  239.1 KEV FUHM- 1.2 KEV 
lNTEORAL= 224 RATE* 0.1 CPS 
AREA= 109 ERR= 19.21 

PI-214 AT 241.9 KEV O.31044C-1s UCI 

ROI l  5 FROM 292.0 KEV TO 299.1 KEV 
PEAK AT 295.7 KEV FUHM= 0.8 KEV 
INTEGRAL- 82 RATE. 0.0 CPS 

R01m 6 FROM 33s.) YEV TO 342.4 KEQ 
PEAK AT 338.2 KEV FUN)). 3.1 KEV 
INTEORAL- 74 RATE. 0.0 CP1 
AREA- 34 E R R  30.21 

CS-134 LT 340.b KEV 0.9S271P-04 UCI 

R o l l  7 FRb)) 348.9 REV 10 3S.O KEV , 

PEAKAT 352.4REV F W  2.0KEV 
1NTE0RM- 98 RLTE- 0.0 CC1 
AREA- 84 E R R  13.01 

FORM 7 l Q I  REV. a80 



R o l l  8 FROM 507.7 KEV TO 514.2 KEV 
PELN L7 511.7 KEV FUHW 2.1 KEV 
IMTEBRAL. 70 RITE= 0.0 CPS 
AREA- 44 ERR. 25.0X 

MA-22 A7 511 .O KEV - O.OEO@ UCI 
CO-54 AT 111.0 KEV O. I tO UCI 
CO-51 LT 511.OKEV~ O . I W  UCI 
8R-#3 LT 514.0 REV = t.7bSOli-04 UCI 

ROII 9 FROM sn.8 KEU TO s8r.t mu 
PEW( (17 5U. t  KEV FHW). 1.5 IN 
1ITE8RM. 5s  R(iTEm t.0 Q1 
M E C  41 ERU- 21.n 

K11-09 r 7  WS.8 YEV . t.Zb77bE-JB UCI 
. . - . .. . --- .- ..-. . .--, . u- U" U". 

R O I l  10 FROM 605.9 KEY TO 614.0 KEV 
PEAK A7 610.0 KLV FUHH- 2.1 KEV 
INTEGRAL- 69 RATE. 0.0 CPS 
AREA- 53 ERR- 18.82 

XE-135 AT b08.2 KEV - 0.28OlEOS UC1 
91-214 AT b09.3 KEV = 0.9422SE33 UC1 

R o l l  I 1  FROM 659.5 KEY T O  667.7 KEV 
PEAK A7 662.6 KEV .FUM- 3.0 KEV 
INTEGRAL- 33 RATE- 0.0 CPS 
AREA- 33 ERR- 1S.lX 

CS-137 A7 641.6 KEY 0.69362E-04 UCI 

R O I I  12 FROM 907.9 KLV TO 911.5 KEV 
PELK A T  913.1 KEU FUWH- 1.0 KLV 
IMTEQRAL= 31 RA7E- 0.0 CPS 
ARE& 31 ERR- l6.lX 

ROIl 13 FROM 1454.4 KEU 10 1463.4 KEV 
PEAK A T  1462.1 KEV FUHH- 2.1 NEV 
INTEGRAL- 105 RATE. 0.0 CPI 
AREA= 0 ERR- 0.OX 

K-40 AT 1460.8 KEV O.OEOO UC I 

AI-DOE- 13504 
217 

FORM 7 1 0 C  REV. %r) 
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PR-214 A T  295.2 KEV . 0.22022E-26 UCI 

H O l I  d FROU 335.4 KEV TO 342.4 REV 
PEAK AT 538.b KEV FUHM. 1.4 KEV 
INTEGRAL* 89 RATE* 0.0 CPS 
AREA* 47 ERR= 27.62 

CS-I36 AT 340.6 KEV . 0.12722E-03 UCl 

ROl I  7 FROM 348.9 KEV TO 356.0 REV 
PEAK A T  551 .a KEV Fultn. I .7 KEV 
INTEGRAL. 149 RATE. 0.0 CPS 
AREA. 93 ERR= 17.22 

PB-214 A1 351.9 KEV . 0.21328E-24 UCI 

l l O l 1  8 FROM 507.7 KEV TO 514.2 KEV 
PEAK AT 510.6 KEV FUUM= 5.4 KEV 
INTEGRAL* ? I  RATE* 0.0 CPS 
AREA- 52 ERR. 37.52 

MA-22 A 1  511.0 KEV . 0.OEOO UC I 
CO-56 A T  511.0 KEV . 0.OE00 UC I 
CO-50 hT 511.0 KEY O.OEO0 UC I 

ROl# 9 FROM 579.0 KEV TO 58b.9 REV 
PEAK AT 583.1 KEV FUUU= 2.0 KEV 
INTEGRAL* 90 RATE* 0.0 CPL 
AREA- 7 6 E R R -  14.42 

KR-89 A 1  105.0 MEV - 0.29327E27 UCI 

R o l l  10 FROM 605.9 KEV TO 614.0 KEV 
PEAK AT 609.3 KEV FUlM= 2.0 KEV 
INTEGRAL. I 6 0  RATE* 0.0CPS 
AREA- 68 ERR. 19.12 

XE-135 AT 600.2 KEV . 0.1OBSSEOS UCI 
BI-214 A1 609.3 KEU 0.703SUE19 U t I  

ROI l  I I FROM 659.5 KEV TO 667.7 KEV 
PEAK I T  660.7 KEU FYn))r 0.7 KEV 
INTEORAL- 29 RATE- 0.0 C I S  
ARE& 0 L U .  0.01 

RB-09 A t  637.7 REV @.Of00 UCI 
AE-110~  ~t 637.7 KEV m O.OEOO ucr 
CS-117 4 1  U l . 6  K l l l  0.0COO UCI 

R o l l  -12 FROM 907.) REV TO 915.5 KEV 
PEAKAT 9 I l . I K E V  FYM. l . 7 K W  
INTEQRAL* SO RITE. 0.0 OI 

33 L R F  21.72 

ROIB 13 FROll 1414.4 KEV TO 1463.4 KEV 
? E M  AT 14bO.T MEW F u w k  2.4 UfV 
INTEORAL- IU RITE. 0.0 CIS 
ARE& U E R F  37-01  

FORM 719P  REV. %.O 



CHANNEL I Dbl l  

FORM 71QC REV. a00 



FORM 7 1 0 C  REV %Ul 



UC DAVIS IA)(PLE8IJ. 14. (5. 16. 1 41 HOLE LOCATION 7 (DEEP).B(l,lN..SFEEl)AMD 0 SPECIAL PLASTIC) I 1 4  Q I 1  INCHES LEHR 
b 

1A8 NO. 123 RIHL-CANBERRA-FH BADOER PAGE 1 
ABCB I LIVE T in€  2000 TRUE i t n t  - 200s 22 AUO 14 04108 
CSLLEClED AT: Olr33805.1 22 AUO 64 

ENEROY(KEV)- 0.20996E-06 *CMA2 4 0.34172E00 *CH +0.392OBEOl 
PEAK I lA l lBT lCD= 1.00 MIY UIDlW- 6 MAX UIDIH- 8 
AREA BACR~ROUHD- 3 %ERROR- 1 .OO 
110 1 1  MIWBW* 3.0 KEV 190 I D  LIIRARI- I 
ABE f BA1I)- 0.1076bE01 TABLE I 

R o l l  I FROM 72.0 KEV TO 81.2 KEV 
PEAK h i  77.0 KEV Funn- 1.6 KEV 
I I lEORM-  336 RATE- 0.1 CPB 
AREA* 131 ERR. 21.71 

01-207 AT 75.0 KEV = 0.25346E-03 UCI 

R o l l  2 FROM 19.9 KEV 10  96.4 KEV 
PEAK AT 92.7 KEV FUHI* 1.9 KEV 
IITEORAL- 194 RAlE- 0.0 CPB 

I 
a AREA* 3 1  ERR- 60.5: 

N O  
N m  
U: 

U 
R o l l  3 FROM 183.1 KEV 10  119.6 KEV 

UI PEAK AT 101.0 KEV i W I *  1.2 KEV 
0 INTEGRAL= 136 RATE. 0.0 CPD 
P AREA- 45 ERR- 40.0: 

U-235 AT 185.7 REV 0.39044E-04 UCI 

R o l l  4 FROM 235.6KEV10 242.2KEV 
PEAU AT 238.6 KEV FUHM- 1.5 REV 
IIlEORAL- 235 RATE- 0.1 CPI 
AREA* 131 ERR* 11.0: 

R o l l  5 FROM 292.0 KEV 1 0  299.1 KEV 
PEAK A1 295.2 KEV FUHH- 0.1 KEV 
IITEORAL- 92 RATE. 0.0 CPI 
AREA- 22 ERR- 72.71 

PD-214 AT 295.2 KEV - 0.2178E-27 UCI 

H O l l  6 FROM 315.4 KEV 10  342.4 KEV 
PEAK AT 310.1 KEV FUMM- I .9 KEV 
1ITEORAL= 02 RATE- 0.0 CPI 
AREl* 40 ERR- 32.51 

C8-136 A1 340.6 KEV 0.lOOlE-01 UCI 



ROI4 7 FROM 348.9 KEY TO 3S6.0 KEV 
PEAK AT 352.1 KEY F W m  1 .4 KEU 
INTEORAL- 119 RATE- 0.0 CP8 
AREA= 77 ERR. 18.1: 

PB-214 AT 351.9 KEV 0.51471-27 UC1 

ROI8 8 FROM 107.7 REV TO 514.2 KEV 
PEM AT 510.8 REV FYWk 2.8 I N  
INTLWM. 63 RATE= 4.0 0( 
M A .  37 ERm 27.OX 

R018 9 FROH 571.8 REV TO 584.1 IN 
PEAK AT 581.1 KEV F W W  2.2 KEV 
IMTEBIIL- 44  RITE- 0.0 CPI 
AM& 30 ERR. 24.62 

KR-8T AT 585.8 KEV . 0.64851E22 UCl 

R018 10 FROM 605.9 KLV TO 614.0 KEV 
PEAK AT 609.2 KEV FUHM. 1.8 KEU 
INTEBRIL. n 0.0 01 
M A =  57 ERR. 17.52 

XE-13s AT .608.2 KLV O.BS9JlEO4 UCI 
81-214 AT 609.3 KEY . 0.1243SE19 U C I  

ROI8 I 1  FROM 659.5 KEY TO 667.7 IN 
PEW AT >>>>>> KEV F U W  455.1 KEV 
INTEORM- 2 1  RATE- 0.0 CPI 
AREA. 7 ERR. >>>>: 

R o l l  12 FROM 907.9 KEV TO 911.5 KEY 
PEAK AT 911.0 KEY F W I =  0.7 KLV 
INTEQRY- 37 RATE= 0.0 CPI 
AREA= 22 ERR. 34.3: 

ROI8 13 FROM 144.4 KEU TO 1461.6 KEV 
PEM AT 1460.9 KEV FYl lC  4.0 REV 
IITEORM. 124 RATE- 0.0 CPI 
ARE& 72 ERM 23.42 

1-10 AT 1460.8 KEV . 0.2BUSE-42 UCI  

FORM 71QP REV. 



uc DAVIS SAMPLES 17. 1s. 19. 20. 121 n a E  LOCATION 2 In .s. l o .  is. 120 FEET) LEHR 

TAG NO. m 123 RIHL-CANBERRA-CH DADOER PME 1 
ADCl I LIVE TIME 2000 TRUE TIME - 2001 22 AUO 84 0311S 
COLLECTED AT8 02140140.4 22 AUO 84 

ENEROY(KEV)= 0.20916E-04 *CH-2 + 0.S4172E00 *CH +O.S9200EOl 
PEAK STATISTICS= 1.00 HIM UIDTH- d MX UIDTH- 8 
AREA IACKBROUID= I ZERRQ). 1 .OO 
IS0 ID UINDW. 3.0 REV IS0 I D  LIDRARYm I 
AGE (DAYS)= 0.00402E01 TABLE 1 

R O I l  1 FROM 72.0 KEV TO 01.2 KEV 
PEAK AT 77.0 REV FUW= 1.0 REV 
INTEGRAL. 199 RATE. 0.1 CP8 
AREA- 147 ERR= 23.12 

81-20? AT 75.0 KEV m 0.2b99DE-03 UCI 

R o l l  2 FROli 09.9 KEV 1 0  Vd.4 KEV 
PEAK AT 92.5 KEV FUHM= 1.8 REV 
INTEGRAL. 204 RATE- 0.1 CP8 
AREA= 35 ERR= 65.72 

R O I l  3 FROM 101.1 KEV TO 101.6 KEV 
PEAK AT 10S.S REV FUW= 2.2 REV 
INTEORM= 134 RATE= 0.0 W 8  
AREA= 32 ERR= 51.32 

U-235 A 1  185.7 KEV 0.27744E-04 UCI 

ROIB 4 FROM 23S.b KEV 1 0  242.2 KEI  
PEAK A1 238.7 REV FWY). 1.2 KEU 
IMTEORM= 252 RATE. 0.1 W 8  
AREA- 122 ERR- 18.82. 

R O I ~  s FROM 292.0 nEv 10 299.1 REV 
PEAK AT 295.2 REV FMW- 1.8 KEU 
INTEORU- 97 RATE- 0.0 en 
AREA= 53 ERR- 23.42 

PD-214 A1 295.2 REV 0.1S342E-27 UCI 

R O I l  6 FROM 335.4 KEV 1 0  342.4 REV 
PElK A1 3U.3 REV NIY). 2.0 K N  
IWlEBIU.= n 141~. t.0 cw 
AREA= 31 ~ m =  n.n 

R O l l  7 FR@N 340.9KEVTO 3 S . O l Q I  
PEAK AT 352.0 KEV IIllC 1.4 KEU 
I N T ~ R ~ .  w run. e.o or 
rw1. 51 t#. 24.a 

ROID @ FR@N M7.7 K IV  TO 314.2 KEV 
PEW AT 510.7 KEV FUMW 2.0 KEV 
IMTEBIU- IS RATE= 0.0 em 

AI-DOE- 13504 
225 

FORM 71QP REV. 2-80 



PB-214 A T  293.2 KEV 8 0.13342E-27 UCI 

R o i l  b FROM 333.4 KEV TO 342.4 KEV 
PEAK AT 338.3 KEV FUNllr 2.0 KEV 
IITEORU. n 0.0 crs 
AREA. 33 ERR= 39.3X 

CS-134 AT 340.4 UEV . 0.8100144  MI 

R o l l  7 FROM 348.9 UEI TO 334.0 REV 
PEAK AT 332.0 KEV FYI(IC 1.4 liV 
IIITEBRU. w R A ~  6.0 ws 
MA. 37 1am 24.s 

R o l l  8 FROM 307.7 UEV TO 314.2 KEl  
PEM AT 310.7 KEV FYI(IC 2.0 IN 
I I T E B R U ~  63 RATE. 0.0 U S  
AREA. - 39 ERR= 28.11 

- 2  AT 511.0 HEW O.OEOO UCI 
CO-U AT 311.0 UEW = O.OEO0 UCI 
CO-38 AT 311.0 UEI 8 O.OEO0 UCI 

R o l l  9 FRUN 379.1 UEV TO 186.9 UEV 
PEAU AT 583.3 UEV FWIW 1.4 KEV 
INTEBRU. 6 1  RITE. 0.0 CPS 
AREA. 63 ERR* 12AX 

KR-19 AT 383.8 KEW 8 0.14474E18 UCI 

A011 10 FROM 603.9 HEW 10 414.0 KEV 
PEM A1 409.1 REV FUHW 2.4 IN 
IMTEORU. 84 RITE. 0.0 CPS 
AREA. U ERR* 14.lX 

XE-133 A T  600.2 HEW O . P S ~ ~ O ~  UCI 
)I-214 AT 609.3 KEW 8 0.2393SEl8 UCI 

R o l l  11 FROM 639.3 UEVTO 667.7 KEV 
PEAU AT 641.2 UEV FUMIW 3.1 KEV 
IIITEBRU. 24 RATE* 0.0 U S  
AREA. 0 ERR. 8a.01 

R o l l  12 FRM( 907.9 K N  TO 91S.S REV 
PEAK I T  911.3 UEV FU lW 2.7 REV 
IIITEBRAL. 49 RATE. 0.0 CPS 
AREA. 34 E m  24.41 

R o l l  13 FROM 1434.4 HEW 10 1461.4 IN 
PEM AT 1461.2 KEV FMWW 1.9 K N  
IIITEBRAL. 114 RATE. 0.0 U S  
AREA* 46 ERR* 43.41 

K-40 AT 1460.8 UEV 8 0.18324E-02 UC1 

FORM 7 1 0 P  REV. 



FORM 710-• REV. SIO 



UC MV16 SAMPLES 22. 23. 25. 26. 8 44 - HOLE LOCATION I 10 (TOI. 5. IS. 8 20 FEET) HOLE 118 (TO?) I C Y  LEHR 

1AG NO. 123 RIN-CINBCRRI-FW BAWER ? M E  1 
ADC8 I LIVE TIME - 2000 TRUE TIME 2003 12 Me 14  01 831 
COLLECTEB I T 1  00154147.5 22 AUO 84 

ENEROY O(EV)- O.ZOTT#-a ocw-2 t o . s 4 t n r o o  OCII to.srroaroc 
PEIK ETITISTICS. 1.00 I I W  UIBTN- 6 MI UlBTH- 8 
ARE4 BACKDROUIB. 3 IERRmR- 1 .OO 
150 I D  YINBW- 3.0 KEV IS0  18 LIBRARY. 1 
AOE OATS). 0 .71UU01 T A L E  1 

R o l l  1 FROM 72.0 KEV TO 81.2 KEV 
PEAK I T  77.1 KEV FUW- 1.2 KEV 
INTEORAL. 359 RITE. 0.1 CPS 
AREA. I 6 1  ERR- tm.61 

J1-207 I T  75.0 KEV - 0.1157E-01 UCI 

A018 2 FRON 01.9 KEU TO 96.4 KEU 
PEIK AT 93.0 KEV F W m  1.4 KEV 
I NTEORAL. 203 RITE. 0.1 err 
AREA- 21 ERR- >)>>I 

ROI8 3 FROM 183.1 KEV TO 199.6 KEV 
PEAK I T  186.0 REV F W -  1.4 KfV 
INTEORAL- 118 RATE- 0.0 V B  
AREA- 64 ERR- 2 z . n  

U-235 AT 185.7 KEV - 0.,57264E-04 UCI 

R018 4 FROM 235.6 KEV TO 241.2 KEV 
PEAK AT 238.7 KEV F W =  1.0 I(N 
IWTEORU- 2 s  RITE- 0.1 U B  
AREA- 121 ERR. 18.11 

ROI8 S FRM 212.0 UEV TO 219.1 KEV 
PEIKAT 2TS.3KEV F W  1.SKEV 
IWTEBRU- 81  RATE- 0.0 M 
IREA- 3 1  ERR. 33.3X 

ROlB 6 FRO)( 335.4 K N  TO 342.4 KEV 
CLI 3a.1 IN ~m(. 2.2 IN 
IWTfWU. 94 Rbn. 0.0 ~n 

' mr- a 39.41 

R o l l  7 FROH 348.1 REV 1 0  1S.0 REV 
PEAK I T  352.3 KEV F W -  2.1 REV 
IMlEORU= I 1 3  RATE- 0.0 CC( 
ARE& 85  ERR. 1s.n 

PB-214 AT 351.1 REV 0.10218E-28 UCI 

FORM 7 1 Q C  REV. 3.Y) 



R o l l  8 FROM 507.7 KEV TO 514.2 KEV 
PEIK I1 511.2 KEV FUUM- 3.1 KEV 
IMTEORM- 43 RITE- 0.0 CPY 
AREA- I 7  ERR- 58.82 

MA-22 A T  511.0 KEV 0.0E00 UCI 
CO-56 I T  51 1.0 KEY - O.OEO0 UC l 
CO-SB IT 511.0 KEY 0.0~00 ucr 
9R-85 A T  514.0 KEY - Q.lV308E-M @I 

R O I l  P FRON 579.8 KEV TO 584.9 KEY 
PEW AT 583.1 ncv rum- 0.9 KEY 
I MlE8RKm 72 RATE- 0.0 W8 
U L b  S I E -  17.2Z 

KR-89 AT 383.8 ULV O.ll73EW 

XE-135 AT 608.1 KfU 0.4144¶E04 MI 
11-214 AT 40T.1 KLV 0.44027Elb UCI 

R O I l  11 FRW b5T.S REV TO 447.7 KEU 
PEAR AT >>>)>) MLV FUN& 4S . l  K N  
IIlEOIAL- 14 RATE. 0.0 CP8 
AREA- 8 ERR- >>>>I 

R o l l  12 FROM 907.9 KEV TO TlS.5 REV 
PEAK AT 911.4 KEY fM1- 1.4 KEV 
IMTEOR(K- 32 RITE- 0.0 CP8 
AREA- 31 ERR- 13.61 

R O I  I I3 FROM 1454.4 MEV TO 1461.6 REV 
PEAK A7 1441.4 KEY FUUM- 3.8 KfV 
IITEORAL- I37  RATE* 0.0 W8 
ARE& 11 ERR >>>>I 



u 
UC MU18 OMPLEI 27. 20. 29. 30. 1 3 1  - W E  LOCAl lP 811 (4 In. 5. 10. 15. 1 10 FEET) LEHR 

760 NO. 123 RIM-CANBERRA-FW DAMER )ME 1 
ADCI 1 LIVE 1 l l E  2MO l R l L  1lME = 2004 21 AUO I 4  00131 
COLLECIED LII 1111014I.1 Z1 L W  14 

E#ERO'I(WEVJ- 0.2091U-04 aCHal 4 0.54172E00 *CH +O.S91OOEOl 
PEL# IiL11811CI= 1.00 I I W  UIBTI= 4 MI UlDlH- 0 
AREA BACMOROIND- 1 ZERRIR- 1.00 
180 1B I I I D W -  3.1 LEV 100 ID LIBRARI- 1 
A8E OAT8l- 0.7W44EOI 1ADLE I 

A018 1 FROM 72.0 WEI 11 a1.2 KEY 
PEAW A l  77.1 WE F -  1.1 REV 
I I i E O l M -  470 RA1El 0.2 WV 
AREA. 144 ERR- 12.51 

Bl-207 L 1  73.0 YEI O.3012t-01 IC1 

1111 2 FRON 19.1 WEV 10 94.4 WEV 
MAW L1 11.1 WEV FYHN- 0.1 WEV 
I I lEORK- 250 RLlE- 0.1 CPB 
A1C A ERR* 43.41 

R I I I  3 FROM lB3.l WEV 10 119.1 WEV 
PELll 11 114.4 REV FYHI* 1.1 WEV 
IIIEORM- I40  RAlE- 0.0 W 1  
MtC U ERR= 31.9: 

R o l l  4 FROM 21S.b WEV 10 242.2 WEV 
PEM A1 210.1 WEV FUII= 1.5 REV 
II~EORM= -105 RAlEm 0.1 CPI 
AREA- 1 1 8  ERR. 12.1: 

ROII S FROM 292.0 REV TO 219.1 WEV 
, PEAR AT 29s.4 nEr FYHI= I .1 WEV 

IIIEORAL- I20 RATE= 0.0 CPI 
AREA- 7 1  ERR- 17.91 



R O I ~  1 FRON 335.1 ntv ro 342.1 nrv 
P t l  A 1  338.4 REV fUHMm 1.1 IEV 
1MIEORAI.m 95 RLIE- 0.0 CP8 
AREA. 39 LRRm 38.4X 

CS-131 h1 340.1 NEV 0.10423E-03 UCI 

R o l l  7 FROH 341.9 WEV 10 331.0 IEV 
PELR L1 152.2 KEV fUHR. 2.0 NtV 
I I I E I I M =  131 RL~E=  8.0 00 
Mf A= 14 f R C  1S.9: 

PI-214 A t  351 -1 KEV . 0.27279t-30 UCI 

R o l l  I fR8H 507.7 KEY 10 514.2 UEV 
PEAR (I1 I 1  1.3 IEU f I M m  1.2 REV 
IIlEBRMm o RLIE- 8.0 CPI 
MfC 41 ERR- 2S.5: 

RA-22 41 511.0 KEV l O.Ot00 UCI 
CO-51 L1 511 .O REV l O.QC0O IC1 z CO-5( (IT 511.8 WE8 l O.Ot00 UC l 

I 
a SR-M 41 514.0 NtV n 0.74OSIE-04 I C I  

ruo u r n  ROIU 1 FROM 571.0 nrv ro 306.9 n ~ v  
I 
-1 )ELK AT 513 .~  ntu FUBN- 1.1 rrv 
w IWlEORM= 
VI 

16 RLIE= 0.0 na 
0 AREA. 40 ERR- 22.9: 
P 

RR-89 L1 505.0 WEV 0.204lSE-06 U C I  

ROIB 10 FRON 105.9 KtV 10 114.0 ntv  
PEAR A 1  109.4 W t V  fUlNm 1.7 REV 
IMlEORAL- 91 RLIE. 0.0 CPB 
ABtA.. 75 ERR. 14.1X 

XE-135 41 108.21EVm O.fAP9LO4 UCI 
DI-214 LI 101.3 nrv m O . ~ J O ~ J E I ~  UCI 

R o l l  I 1  FRO# 159.5 IEV 10 117.7 REV 
P f l  AT bb1.U KEV fWMm 1.5 IEV 
IWTEORALm 27 RLIE- O.OCP8 
ARE& 11 ERR. 72.7X 



R O I 1  13 CROH 1454.4 KEU TO 1443.4 KEU 
P E N  AT 1441.3 KEU FUM. 3.2 KEV 
IMTEBRY. 169 RATE. 0.0 CP1 
ARLC 2s ERR- 9b.OX 

I - 4 0  AT 1440.8 REV 0.99&-03 U C I  

CHAWWEL 1 DATA 

FORM 71QP REV. %80 



UC DAVIS SAMPLES 32. 13. 34. 35 836 HOLE COCATIOU 812 (4 IN . S,lO.lS.t20 FEET1 X I  CEHR 

7AO NO. • 123 RIM-CAUBERRA-FH BADOER PAOE 1 
AOC8 1 L I V E T I l E .  2 0 0 0 T R l E T I l E -  2003 2 1 A U 0 8 4  19139 
COLLECTEI A T 1  03142101.4 21 MI8 84 

EUEROY (KEY)- 0.209T6E-06 *CH'2 t 0.54172E00 *CK t0.5920BEOl 
PEAK ST1TISTlCS- 1.00 NIK UIDT~= 6 IUI YIPTI= 8 
AREA IACK8ROUW8* 3 ILRROI). 1 .00 
IS0 ID YIUDW. 3.0 REV 110 18 LIBRII)Y= I 
AOE (DAY8I= 0.708IEOI TAKE 1 

ROI8 1 FRON 72.0 NEV TO 81 -2 KEV 
PLAN 11 77.0 NEV F W =  1.2 KEW 
IMTE8R1L- 362 RATE- 0.1 CP1 
AREA. 110 ERR- 30.01 

)I-207 AT 75.0 REV 0.20202E-03 UCI 

R O I l  2 FRON 0T.T KEV TO 9b.4 NEV 
PEAR AT 93.0 REV FUM. 1.4 NEW 
IHTEGRAL. 210 RATE- 0.1 CP8 
AREA= 41 ERR- 58.51 

ROI8 3 FRO)( 183.1 REV TO 189.1 NEW 
PEAR AT 185.8 KEV FYlWC 0.8 NEW 
rn~~orru. 153 RATE. 0.0 C P ~  
ARE& 62 E R h  2T.OL 

U-235 AT 185.7 NEW 0.53794E-04 KI  

R o l l  4 FRO)( 233.6 REV TO 242.2 NEW 
PLAN AT 238.6 REV FYIW(. 1.6 REV 
IntEORll- 29@ RATE= 0.1 CP1 
AREA* 160 ERR. 14.3: 

ROI8 S FROM 272.0 REV TO 2W.1 NEW 
PEAK AT 275.4 KEY F W =  2.1 NEW 
IllTEOllL* 94 RATE= 0.0 V l  
HE& 52 Em* 2S.0: 

R o l l  6 FWI 335.4 NEI TO 342.4 KEY 
PEW AT 3U.S KEV FI)IW= 1.7 REV 
IMTE8R1L. 69 RITE. 0.0 178 
ME& 27 ERR- 44.41 

C8-l3b h l  340.4 KEI 0.0221-@4 UCI 

R O I I  7 FROM 348.) KEI TO 354.0 REV 
PEAK I T  352.0 NEV F Y W  1.7 MEW 
INTEORIL- I08  R I A -  0.0 Ul 
ARE& 66 ERR. 21.22 

PB-214 AT 351.9 NEW 0.4b778E34 UCI 

AI-DOE- 13504 
233 

FORM 71QP REV. 



R o l l  8 FROM 507.7 KEV TO 514.2 KEY 
PEAK AT 510.8 KEV FUW- 1.1 KEY 
IMTEQRAL- 49 RATE* 0.0 CP1 
AREA- 43 ERR. 25.52 

MA-22 AT 511.0 KEV = O.OEOO UCl 
CO-S4 A T  511.0 KEV 8 O.OE00 UC I 
CO-SI AT 511.0 KEV - O.OEOO UCI 

ROII 9 FROM 571.8 UEY I 0  S84.1 KEY 
PE# AT 583.3 HEY FUlYC 1.8 UEV 
IMTEQRY- 44 RATE- 0.0 CP1 
AREA- 5 1  ERR- 17.32 

KR-01 AT 505.8 KEV 0.17573E-34 UCI 

R o l l  10 FROH 605.1 KEV TO 414.0 KEV 
PEA# AT 401.4 MEW FUW* 1 .5 KEU 
IITEORAL- 77 RATE- 0.0 CPS 
AREA. 77 ERllr 10.32 

XE-135 LT 408.2 REV @.l8004E04 UCI 
)I-214 A T  401.3 KEY 8 0.3819BE-03 UC1 

ROIO 11 FR8I 459.5 NEW TO b47.7 MEW 
PEAK AT b4S.Z REV F W  0.0 KEV 
IITEQRAL- 19 RLIE- 0.0 CIS 
ARE A- 19 ERR* 21.01 

SB-124 AT 444.2 KEV - 0.50501t-@4 UCI 
1-132 AT 447.7 KEV - 0.103S1ElO UCI 

R o l l  12 FROM 907.1 KEV TO 113.5 KEV 
PEAU AT 911.5 UEY FUIOI. 2.2 UEV 
IMTEORAL. 41 RATE. 0.0CP8 
ARE& 41 ERR- 14.6Z 

R o l l  15 FROM 14S4.4 KEV TO 1411.4 UEV 
PEW AT 1461.9 KEU FM). 2.0 K N  
IITEBRM- 1% RATE. 0.0 CPl 
ARC& n E R ~ .  24.3~ 



CHAYIEL I D I T I  

FORM 719P REV. 



UC DAVIB SAMPLE 1 37. 30. 11 40 841 HOLE LOCATION (13 (1.5.15 820 FEET) LEHR 

TAG NO. 123 RIHL-CANBERRA-FH BADOER PME 1 
A D C l  1 LIVE TIME . 2000 TRUE TIME 2003 21 AUQ 84 02136 
COLLECTED A T 1  01152119.9 21 AW 84 

ENER01(KEV)- 0.20994E-06 *CH-2 + 0.54l72EOO *CW +O.S920(IE01 
PEAK bTAT19TIC8- 1.00 HIM MIDTW 4 MA1 UIDTWl 8 
AREA BACK6ROUIB- 3 ZERROR- 1.00 
IS0 I D  UIIDOY. 3.0 KEV 110 I D  LIBRMV- 1 
AOE (DAV8)- 0.70044E01 TABLE I 

R O I l  1 FROM 72.0 KEY TO 01.2 NEV 
PEAK A T  77.1 nrv  FUHW 0.9 UEV 
INTEORAL* 334 RATE* 0.1 M 
AREA- 02 ERR. 40.22 

DI-207 AT 75.0 KEV . 0.1506E43 UCI 

R O I l  2 FROM 89.9 KEV T O  91.4 REV 
PEAK AT 92.8 UEV FYWII- 2.2 REV 
IMTEORMm 187 RATE* 0.0 CPI 
AREA= 44 ERR- 50.0: 

R O I l  3 FROM 183.1 KEY TO 189.4 KEV 
PEAKAT 184.2KEV FYW)(r 1 .4UN 
INTEBR&- 159 RATE- 0.0 CPI 
AREA= ERR= 24.41 

U-23S AT 181.7 KEV 8 0.58WTE-04 OCI 

R O I l  4 FRM 235.4 KEV TO 242.2 KEV 
PEN AT 230.4 UEY F Y W  1.4 REV 
IMTEBR&- 252 RATE- 0.1 M 
AREA- 135 ERR. 14.22 

R O I l  5 FROM 292.0 KEY TO 2W.1 KEV 
PEAK A T  295.5 KEV FUHW 0.9 KEV 
IIITEORM- 99 RATE- 0.0 M 
AREA- 57 ERR. 24.51 

PB-214 AT 295.2 MV = 0.m41E3X UCI 

R o l l  4 FRM 335.4 KEV TO 342.4 REV 
PEM AT 331.3 NEV PHI). 1.2 IN 
IMTEBR~L- n 0.0 crr 
AREl- 49 ERR. 22.41 ' 

C8-134 AT 340.4 KEV . 0.12513t-03 UCI 

ROI8 7 FROM 348.9 KtV TO SS4.O Wfll 
n r u  n2.1 rrv Fuwr- 1.7 mu 
IMTEBR&~ 132 RATE- 0.0 01 
ARE& 104 ERR. 13.41 

PB-214 AT 351.9 WEV = 0.4322303 UCI 

R o l l  8 fR0M 507.7 KEV TO 514.2 KEV 
?EAR AT 510.4 WEV FWlk 3.8 KEY 
IMTEBIU- 45 RATF. 6.0 t P R  



ROI l  7 FROM 348.9 KEV TO 356.0 KEU 
PEIK I T  352.1 REV FUnMm 1.7 KEV 
IMTEORAL. 132 RITE- 0.0 CPB 
AREA= 104 ERRm 13.42 

PB-214 I T  351 .9 REV m 0.43223E33 UCI 

R o l l  8 FROM 507.7 KEV TO 514.2 KEV 
PEIM I T  510.6 KEV F W W  3.8 UEV 
IMTEGRAL. 43 RITE* 0.0 CPS 
IREA= 30 ERR- 26.61 

MA-22 I T  51 1 .O REV O.OEOO UC I 
CO-54 AT 511.0 KEV . O.OEo0 UCI 
CO-58 I T  511.0 KEY m O.OEOO UCI 

R o l l  9 FROM 579.8 REV TO 584.) KEV 
PEAn AT 503.2 REV FUHH. 1.4 KEV 
IMTEBRAL= 49 RITE. 0.0 CPB 
AREA= 55 ERR= 18.12 

R018 10 FROll 605.) KEV TO 414.0 KEV 
P E I  AT 408.8 KEV FYIOI. 2.1 KEU 
IMTEORM. 49 RITE- 0.0 W B  
MA. ' 49 E l l h  11.51 

XE-135 AT 608.2 KEV . 0.144WE04 1 1  
B1-214 AT 409.3 KEV 0.750X-05 UCI 

ROI l  11 FROM 4S9.S REV TO 467.7 R N  
PEW( AT 641.7 KEV F M .  3.0 KEV 
IWTEBRAL. 28 RITE. 0.0 CPB 
AREA. 12 ERR. 46.bl 

CS-117 I T  441 .4 KEV 0.2S22E44 UCI 

R o l l  12 FROM 907.) REV TO 91S.5 KEV 
PEM AT 91 1 .I KEV FYWM 1.5 K N  
IWIEBRAL. 39 RATE 0 - 0  O B  
AREA. J9 ERR. 1S.31 

R O I ~  13 FROM 149.4 nru TO i 4 u . c  KEU 
PEIK AT 1440.8 KEV FUU). 4.S UEV 
I W L 8 R M ~  113 RITE. @ . O m  
MC 41 EIR.  43.m 

FORM 719? REV. 2-80 





I IC n 4 v l S  SAMPLES 45. 46. 47. 140 HOLE LOCATIOWS 110 ( 5  FT) 119 (TOP AMD 5 FT1 UID 20 ( TOP1 LEHR 

140 NO. m 123 RIHL-CIWBERRI-FH BIWER P a  1 
ADCl 1 LIVE TIME - 2000 TRUE TIME 2002 21 AUO 84 01130 
COLLECIE# I T 1  OIlO4130.8 21 IUO 84 

EMEROY(KEV1- 0.20916E-06 *CHa2 + 0.S4172E00 *CH +O.S9208EOl 
PEIY bTITISTIC8- 1.00 MlN UlBTH- 4 MAX UIDTll- 8 
AREA DICKOROUWB- 3 XERROR- 1.00 
1SOIDUIIDOY= 3.OKEV 180 ID  L I B R M I -  1 
ABE (DAY8 I- 0.41748E01 TIBLE 1 

R o l l  1 FROH 72.0 KEV TO 81.2 REV 
PEIK I T  77.3 KEV FUHM- 0.1 KEV 
INTEORAL- 251 RITE. 0.1 CP8 
AREA- 61 ERR. 47.51 

PI-207 I1 75.0 KEV O.ll203E-03 UCI 

RDI l  2 FROM 09.1KEVTO 94.4KEV 
PEIK I T  >>>>>> KEV FUIM- 04.0 KEV 
INlEORAL. IS9 RITE- 0.0 W 8  
ME4= 14 ERR- >>>)I 

R o l l  3 FROM 183.1 KEV TO 189.6 REV 
PEAU AT 115.7 REV FUW- 0.8 REV 
INTEORAL- 102 RITE. 0.0 W 8  
ME& 37 ERR- 40.3: 

R o l l  4 FRW 235.4 KEV TO 242.2 KEV 
PEAK AT 238.8 KEV FUIM- 1.0 REV 
IHTEGRM= 177 RITE- 0.0 CP8 
AREA- 73 ERR- 27.31 

R o l l  !I FROM 292.0 REV TO 291.1 KEV 
PEAK AT 215.1 KEV CUM- 1.4 KEV 
INTEORAL. 80 RITE. 0.0 cP8 
AREA- 38 ERR- 34.21 

PB-214 I T  293.2 KEV - 0.72432152 UC1 

R o l l  6 FRW 335.4 KEV TO 342.4 KEV 
PEM AT 338.7 REV F W w  1 a 1  REV 
INTE8RIY- 60 RATE- 0.0 M 
(IRE& 32 ERR- 34.31 

R o l l  7 FROM 348.1 KEV TO 354.0 KEV 
PEIK AT 352.0 KEV F W  1.3 KEV 
INTEQRM= 13  RATE. 0.0 cP8 
ARE& 51 ERR- 25-41 

PB-214 I T  351.1 KEV 0.64792E32 UCI 

R o l l  8 FROM 507.7 KEV TO 314.2 KEV 
PEIK AT 511.2 WfV F W k  2.4 KEV 

FORM 7 1 9 P  REV. %- 



ROIl 8 FROM 507.7 KEV TO 514.2 KEV 
PEAK A T  511.2 KEV FUHM- 2.4 KEV 
IMTEORAL- 50 RATE- 0.0 0 1  
AREA- 37 ERR. 21.62 

1&22 A T  511.0 KEV - O.OEOO UCI 
CO-54 AT 511.0 KEV - 0.OEOO UCI 
CO-SO AT 51 1.0 KEV - O.OEOO UCI 
911-93 AT 514.0 KEV 0.63IllE-04 UCI 

ROI4 9 FROM 579.8 K N  TO 586.9 KEV 
PEAK A T  501.2 KEV NHM= 1 .b KEV 
IMTEORAC- 52 RATE- 0.0 CPI 
AREA- 52 ERR- 13.42 

KR-09 AT 585.0 KEV - 0.14BITE26 UCI 

ROI8 10 FROM 605.9 K N  TO 414.0 KEV 
PEAK AT 609.0 KEV FUW)(. 1.0 KEU 
IMTEORAL* 62 RATE= 0.0 U8 
AREA. 46 E m  2 l . n  

XE-135 AT 408.2 KEV 0.921U3E01 UCI 
81-214 AT bO1.1 KEV = 0.10143E-05 UCI 

ROI4 I 1  FROM 651.5 KEV TO U7.7 KEV 
PEAK 41  Ul .7 m FW.  2.0 m 
IHTEORM* 17 RATE* 0.0 Clt 
ARE& 17 ERR. 21.S2 

C8-137 AT U l . 6  KEV 0.537tBE-04 UCI 

ROI8 I 2  FROM 907.1 KEV TO 915.5 KEV 
PEAK AT 911.7 KEV FUW= 2.1 KEV 
INTEBRM* 29 RATE* 0.0 @ I  
W& ' 14 ERR. 57.11 

R018 13 Fm( 1454.4 KEI TO 1443.4 KEV 
PEAK rr i4u .o  KEV turn- 1.e KEU 
IMTEBIK* 107 RATE. 0 .O Cl8 

' ARE& I 7  ERm >>>>I 

K-40 AT 1460.8 KEP 0 .677Z I33  UCI 

FORM 7lQP REV. 



CHANNEL I DATA 





UC MU18 IMAPLEB 49. 50. 51. 52 - HOLE LOCA1lON 120 5.10.15. 1 2 0  FEE1 LEHR 

1AO WO. I 2 3  RIHL-CLWBERRL-FH BLDOER PAOE I 
ABC1 1 LIVE 1lNE 4000 TRUE TIME 4006 20 AUO 14 19137 
COLLECIEB A11 04117123.2 20 AUO 04 

ENER0VtREV)- 0.20916E-06 rCH'2 + 0.54172E00 * C I  +O.S1200€01 
PEAK 11A111TICB- 1 .OO IIIN IIIB~H- 4 MAX UIB1H- 0 
AREL BACKOROllB- 1 XERROR- 1.00 
111 1B UI IBIU-  3.0 REV 180 I B  LIBRARV- 1 
AEE (BAY$)- 0.61071E01 TABLE 1 

R O I ~  1 FR1n 72.0 REV 11 01.2 KEV 
PEhU A1 74.0 REV FIH)(- 1.5 REV 
IMIEBRAL- 730 RAlE= 0.1 CPI 
AREA- 224 ERR- 20.71 

B1-207 A1 75.0 WEU 8 0.20752E-03 UCI 

R o l l  2 FROM 11.1 WEV 1 0  16.4 REV 
rELu A T  11.1 REV FUHN- 1.0 REV 
IWIEBRK- 431 RATE- 0.1 CPI  
AREA- 1 0  ERR- 42.51 

Y-235 A1 105.7 REV 0.21111E-04 UCI 

R o l l  4 FRON 215.6 REV 1 0  242.2 REV 
PEhU AT 231.4 REV FUHI- 1 .S REV 
1MIEORAL- 507 RL1E- 0.1 CPB 
AREA- , 216 ERR- 10.81 

R o l l  5 FRON 212.0 REV 1 0  291.1 REV 
PELK LT 21S.O REV FUHI- t.2 MEV 
IYIEGRAL- 100 RITE- 0.0 CPI 
AREA- 1 2  ERR- 24.31 



R o l l  A FROM 33S.4 IEV TO 342.4 REV 
PEM A T  338.3 KEV FUW- 1.9 KEV 
lMTE6RM- 148 RATE. 0.0 CPS 
ME& 78 ERR= 2l.72 

C9-134 AT J4O.b YLV . 0.949b7E-04 UCI 

R O I l  7 FRW 348.9 IEV TO 356.0 KEU 
rum AT JSI .b KEY CUM- I .s KEV 
INTEURM. 1 U  RATE- 0.0 CPS 
ME& 111 ERR- 1S.52 

PI-214 AT 351.9 KEV O.btObSE11 UC1 

R O I l  8 FRO)( 507.7 REV TO 514.2 WEV 
PEI I  AT 510.4 IEV F W  2.b REV 
Il(ftOlll= 114 RITE. 0.0 C?8 
rut*. U ERR- 24.12 

MA-22 AT 511.0 REV O.OEO0 U C l  
CO-Sb AT 511.0 WEV O.OLOO UCI 
U)-51 AT 511.0 IEV . O.OEOO U C I  

ROII 9 FROM s79.a KCV TO 584.9 KEY 
PEAK AT 303.2 KEV FUW- 1.0 IEV 
IMTEORAL. l l b  RATE= 0.0 CPS 
AREA- 102 ERR= 1 l . n  

R O I ~  10 FROM ~ 0 5 . t  nEv TO (14.0 rEu 
PEII AT 609.1 KEV FUM= 2.1 KEV 
IMTEBRMm . 130 RITE- 0.0 V 8  
ARE& 114 ERR. 11.42 

XE-13s AT b08.2 REV 0.213llEOZ UCI 
)I-214 AT bOT.3 UEV 0.1blObE-24 UCI 

R O I l  11 FROI bS9.S IEV TO M . 7  IEtl 
r tw AT AM.& WEV FW 1.1 KEV 
IWTEURM- 43 RITE- 0.0 W8 
MEI- 11 ERR= >)>>2 

RI-89 AT 137.7 REV . 0.10085tl7 UCI 
r e 1  1011 rr 457.7 UEV 0.10474~-01 UCI 
U-137 I T  U1.b KEV . 0.11SSIE-04 UCI 

R O I l  12 FRO)( 907.9 KEU TO 91S.S REV 
PEM AT 91 1.0 KEV FYII). 4.1 KEU 
lWTE@RM- 71 RATE- 0.0 CP8 
ME& 41 ERI. 29.22 

R o l l  13 FROM 14U.4 K N  10 1443.6 ICY 
rta AT 1460.8 wv nmm 4.0 KEU 
IWTEURM- m RITE- 0.0 crt 
MU= ~n ERR- ts.tr 

I(-40 a t  144q,o tar o .uz r2~-02  acr 
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UC lAV1S SANPLE 53. 54. 55. 156 HOLE LOCAllON 21 ( 5  I N  AND J F l t  HOLE 2 2 ( 3  IN  A I D  S F l t  LEHR 

# 

1AO 10. rn t 13 RIHL-CANBERRA-FM 1ADOER PAGE I 
A l C I  1 LIVE I l l €  4000 IRUE VINE 40@6 .2@ AUO 14 04100 
COLLECIIB 411 m3156128.S 20 AU8 84 

EHEROI(WEV)* O.2OTTY-06 *CHa2 4 0.54172EO@ *CH 48.51208E01 
PCAH DIAII~~ICS- (.am ntn UIBIH- 6 MAX UIDIH. I) 
AREA DICl8ROUIIB* 3 IERROR. 1 .OO 
111 11 UIIOOU. 8.m KEV IIO IO LIBRARY- I 
A8E OI I8) .  O.bOt28EOl I h I L E  1 

WID I FROM 72.0 REV TO 81 .z nrv 
PEAW A1 76.7 KEV FlMN- 1.2 REV 
IIIEQRAL- 591 RAVE- 6.1 CPl  
AREA- 105 ERR- 22.7: 

11-207 A1 75.0 HEW - 0.149B7E-03 UCI 

R018 2 FROM 11.1 REV 1 0  16.4 WEV 
PEIW 11 12.1 KEV rwn- 1.m ntu 
IWIEORM. 331 RATE- m.0 CPB 
AREA. 14 ERR >>>>X 

U-235 I1 11S.7 KEV m.24294E-m4 UCI 

R o l l  4 FROM 235.4 KEV 10 242.2 REV 
PEIW 11 238.1 n u  FUNH- I .4 WEV 
INIEORAL- 39m RATE- m.m CPB 
AREA* IS4  ERR- 18.S1 

R o l l  5 FROM 212.m REV 1 0  211.1 KEV 
A A 2 0  W E  F U N  1.4 MEV 
IIIEBRAL- 153 RAIL- m.0 CPI 
AREA. 13  ERR- 20.4: 

PD-214 I1 215.1 KEV - 0.41217E11 UCI 



R O I I  

R o l l  

R O I I  

R O I I  

6 FROM 335.4 REV T O  342.4 KEV 
PEAK AT 338.0 KEV FUW= 0.7 KEV 
IWTEORAL= 115 RATE= 0.0 CPl 
AREA. 45 ERR- 35.51 

CS-134 A T  340.4 KEV 0.S4747E-04 UC1 

7 FROM 348.9 KEY TO 3S.0 REV 
PEAR AT 351.7 REV FWM- 1 .8 WEV 
INTEGRAL= rn RATE= 0.0 cpr 
AREA- 109 ERR- 14.51 

e FROM 507.7 nEv TO 514.2 WEV 
PEAK AT Sl0.7, KEV FMW= 2.2 KEV 

6 FROM 335.4 KEV TO 342.4 REV 
PEW AT 338.0 REV Fm) .  0.7 KEU 
IWTEBRU= 115 RATE- 0.0 *I 
AREA- 45 ERR- 3S.31 

7 FROM 348.9 KEI TO 3S.O KEI 
PEAK AT 351.7 KEV F W  1 .8 WEV 
IWTEORAL= 179 RATE. 0.0 CPI 
AREA= 101 ERM 14.51 

PB-214 A T  351.9 REV O.SI828E18 UCl 

0 FROM 507.7 WEV TO 514.2 KEV 
PEAK AT 510.7 REV F W =  2.2 KEV 
IWTEBRY= 100 RATE- 0.0 CPI 
AREA- 48ERR= 29.11 

2 A T  51 1 .O WEV 0.OEOO UCI 
CO-54 A T  511.0 KEI @.OEM UCI 
CO-58 AT 31 1 e0 REV beOEM UCI 

9 FROll 579.8 KEV TO 3U.T REV 
PEW AT Sm.0 REV FWlW 1.4 KEU 
IWTEIRU= n RATE= 0.0 CPI 
AREA= 47 ERR= 17.91 

KR-89 AT 585.8 KEY O.48lE-18 UCI 

10 FROM 40s .~  KEV TO 414.0 REV 
PEIK I T  609.2 KEI F W m  2.2 WEV 
IWTEORU~L. 117 RATE- 0.0 CPI 
ARE& 101 ERM 1l.Q 

XE-135 AT 400.2 KEU O.t(ll7EOa UCI 
81-214 AT 409.3 KEY O.48974E-25 UCI 

ROIl 11 FRON 4ST.S WEV TO 447.7 K N  
?EM( AT 441.1 KEU F W  0.8 REV 
IWIEWY= U RIA. 0.0 Clt 
MCC 15 E l -  84.42 

U-137 AT U1.4 W N  = 0.1S741E-04 UCI 

R O I ~  12 FRM 907.9 m TO 9ts.r m 
PEIK I T  911.1 KEV F W -  2.T KEV 
IITEBRAL= 43 RATE= 0.0 CfS 
AREA= 33 ERR= 31.41 



R o l l  I3 FROM 1454.4 KEV TO 1443.4 REV 
PEAR AT 1440.9 KEV FUW= 3.4 WEV 
I NTEQRAL= n 4  RATE= 0.0 cre 
AREA. 144 ERR. 14.41 

I(-40 LT 1440.8 WEV 0.29003E-02 U C I  

BAT A 
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t 
0 

N O  
cnm 
4 t 

TAU )rO. 123 RIHL-CANBERRI-FW DIDOER ?hot 1 
ABCl 1 l lVC  1 l l E  I0000 lRUt 1Il(E 10011 2@ AUO 84 02142 
COLL~CIEB 00t17147.7 20 ruo 84 

EIERQI(WEVl= O.20774E-01 *Cl^Z t 0.54172EO0 *CH +@.5920BEOl 
PEAK I IA l IB l lCB*  1.00 MIN UIBIH. 4 MX MlBlH= B 
AREA IACKDRIUlIm 1 IERROR* 1.00 
181 18 MII#U= 3.) REV ID0 1) LIDRMY- 1 
ADE OAYD)= 0.5741E@l 1AWt I 

R o l l  1 FROM 72.0 WEV 10 81.2 YEV 
K4W 41 77.1 HEU FMM= 1.1 KEV 
II~CBRAL= 2015 RATE- a.2 ere 
AREA= 503 ERR- 15.91 

)I-207 41 75.0 WtV @.1@47SE-03 UCI 

R I I D  2 FROM IT.) WLV 10 91.4 WtV 
?CAI A l  72.7 REV FWlm 1.5 REV 
IIIEORU* 1102 RATE= @.I CPI 
AREA= 144 ' ERR= 31.11 

R o l l  3 FRIM 103.1 REV 10 189.1 WEV 
WAW A 1  II1.0 KEV FUHM* 1.3 REV 
IWIEORU- 771 RATE- 0.0 CTD 
AREA= 170 ERR- 25.21 

ROID 4 FROM 235.1 ntu ro 242.2 ntu 
PELW AI 210.7 ntu runm* 1.2 REV 
I17EQRAL- I449 RATE- @.I CPD 
AREA= 715 ERR* 7.11 

R o l l  5 FROM 272.0 REV 10 299.1 KEV 
PCM A 1  273.3 REV FUW* 1.4 REV 
IWIEQRAL- 513 RLIE- 0.0 CP8 
AREA- 247 ERR* 13.32 

?I-214 L1 295.2 REV - 0.0014Elb UCI 



R o l l  6 FROM 535.4 KEU 70 542.4 IN 
PEW A1 358.6 REV FUW)(. 1.0 REV 
INTEBRM= 400 RATE. 0.0 CPS 
A W C  134 ERl)r 25.11 

CS-136 A7 340.6 KEV 0.446WE-04 UCI 

R o l l  7 FROM 348.1 REV 70 3U.O KEV 
PEM A1 352.0 KEV FUW)(. 1.7 KEV 
IMTEORM. s n  RME= 0.0 CPS 
M L C  5 4 8 E M .  8.41 

PI-214 AT 311.1 KEV 8 0.17808E16 UCI 

R o l l  8 FROM 507.7 KEV 70 114.2 IN 
PEIK I 7  510.9 KEV F W  1.8 KEV 
INIEBRIY. 247 RATE. 0.0 CPS 
AREA- 111 ERR. 21.41 

MA-n n 511.0 KEV . 0 . 0 ~ ~  
CO-14 AT 511.0 REV 0.OE00 
CO-18 AT 111.0 KEY O.OEbO 

UCI 
UC I 
UCI 

R O I l  9 FROM 579.) KEV 10 584.1 KEV 
PEIK LT 585.1 KEV FUN& 2.0 KEV 
IMTEORM. 537 RhIE- 0.0 CPS 
AREA. 239 ERR- 7.41 

KR-89 A 1  585.8 KEV . 0.16814E-56 UCI 

ROIl 10 FROM 605.9 KEU 70 614.0 KEV 
PEAK AT 601.4 REV F H .  2.1 KEV 
IITEORM. 404 RhlE. 0.0 -8 
-A. 242 ERR. 1 b.41 

Xt-155 h7 608.2 KEV 0.11101E05 UCI 
81-214 h 1  409.3 KEV . @.31278E-28 UCI 

ROIl  11 FROM 619.5 KEV TO 647.7 KEV 
PEM A7 662.1 K7V FUMH- 1.7 IN 
IITEBRIY. IW RLIE- 0.0 uw 
ARC& 51 ERR- 43.41 

CS-137 AT 66I.6 KEV . 0.23117E-04 UCI 

ROIl  12 FRM 907.1 KEV 10 915.1 KEV 
PEM AT 911.1 KEV FVW)). 2.1 REV 
IITEBRIL. 218 RATE- 0.0 c n  
me 143 El- 13.11 

ROI) 13 FRWI 1454.4 IN 70 1463.4 K N  
MlYl A1 1461.2 K N  Fm(. 4.2 KEU 
I l l l E t U -  6~ a m .  b.0 uw 
M C C  105 ERR= 44.41 

K-40 A 1  1460.8 KEV . b.tut4E-03 UCI 





UC DAVIS SAMES 62. 63. 64. 65. 844 HOLE LOCATlol  24 -@ 824 .?4 TIP - 2 4  IN 85 FT- Z I l 9  IN 85 FT LEHR 

TAG NO. I23 RIWL-CAItERR4-FII t 4 W R  ?ME 1 
A D C l  I LIVE TIME ZOO0 TRUE TIME 2001 I ?  AUO 84 22134 
COLLECTED AT1 2lrS9103.S 0 AW 84 

EMEROl(KEV)- 0.20994E-06 rCW'2 t 0.54172E00 *CK t0.31208E01 
PEAK STATISTICS. 1.00 HIM UIDTH- 6 MI UIDTH- 0 
ARE4 BACY6ROUWD- J ZERROR- 1.00 
150 I D  UINDOU- 3.0 REV IS0 ID  LIBRARY- 1 
A6L (DAVS). 0.38444EOl TABLE I 

R o l l  1 FROM 72.0 MEV TO 70.3 MEV 
PEAK AT 77.2 KEV FUKM. 1.2 KEV 
INTEGRAL. 310 RATE- 0.1CPS 
AREA- 63 ERR- 44.01 

11-207 A T  73.0 REV . O.IIS49E-03 UCI 

R o l l  2 FROM 83.4 KEV 10 89.) KEV 
PEAK AT 07.7 KEV FYM- 0.7 KEV 
IITEORAL- 215 RATE- 0.1 U S  
A#& 20 ERR- >>>>I 

CD-lo? AT 88.0 KEV 0.30181E-03 UCI 
11-20? AT 04.8 MEV . 0.091E-04 UCI 
NP-237 AT 04.5 KEV 0.93823E-04 UCl 

ROIl 3 FROM 182.5 KEV TO 189.0 KEY 
PEAR AT 185.6 KEV FMM. 0.9 KEV 
INlEGRhL- 160 RATE. 0.0 CPS 
AREA- 34 ERR- 33.91 

U-233 AT 185.7 MEV 0.48581L-04 UCI 

R O I l  4 FROM 233.1 KEV TO 241.6 MEV 
PEAK 238.8 MEV FW* 1.4 REV 
IMTf8RU= 231 RATE- 0.1 m 
ARC& I 27  ERR. 16.51 

R o l l  S FROM 290.9 KEV 10 297.4 MfV 
PCAK AT m . 4  KEV FWM- 1 .a n v  
INTfORU- 78 RATE- 0.0 C?8 
ARE& 26 ERR. 30.01 

Pt-214 AT 293.2 MEV 0.26203E14 UCl 

R o l l  6 FROM 340.1 KEV TO 353.4 MEV 
P f M  AT 3S2.0 K N  FUWa 1.0 REV 
IMTEORU- 122 RATE- 0.0 O S  - AREA- 83 ERR- 14-01 



R o l l  7 FROM 507.2 KEV 10 513.7 KEV 
PEAK A T  510.2 KEV FUHk 2.9 KEV 
INlEORM. 69 RATE. 0.0 CPI 
AREA* 43 ERR- 25.52 

MA-22 A 1  511.0 KEP O.OEOO UC I 
CO-56 A T  511.0 KEV 0.0EM UC I 
CO-S8 A T  511.0 KEV @.OEM UC I 

ROI8 8 FROM 601.4 KEV TO 412.9 KEU 
PEM A1 609.7 KEV FVIOI* 1 .3 KEU 
INTEORAL. 70 RA1E. 0.0 CCI 
AREA* 44 ERR* 2S.02 

XE-I35 A 1  601.2 REV O.1l124EO1 UCI 
D1-214 A 1  409.3 KEY 0.21589E-30 UCI 

R o l l  9 FROM 907.4 REV 10 913.9 KEV 
PEIK AT 911 .5 REV F W -  1 .1 WEV 
INTEBRM.. 4s RATE. 0.0 no 
AREA. 32 ERR* 25.02 

ROI8 10 FROM 1454.3 REV TO 1445.1 REV 
PEAK A T  1441.1 KEV F U W  4.5 RW 
I)I1EBRAL. 174 RATE. 0.0 US 
MLA. 174 ER- 7.32 

K-40 A 1  14M.O KEV 0.7Wl#E-02 UCI 



IJC DAVIS S A M E  7.68.69.70.71 HOLE S W L E  2$ I N  TO 20 FT L E Y  

TAG WO. 1 123 RIHL-CANBERRA-FH BADOER P M I ~  1 
aDc1 i LrvE TIME - IOOOO TRUE TIME 10018 IT AUO 84 1 9 1 ~ 2  
COLLECTEB AT1 OS1l2145.1 I T  AUO 84 

EWEROI(KEV)- 0.27048E-07 eCH.2 + 0.54313E00 *CH +@.41837E01 
PEAK STATISTICS. 1.00 HIM UIBIH- 6 MAX u r n r n =  e 
AREA IACNGROUID= 3 ZERROR. 1.00 
IS0 I D  UIWDOU. 3.0 KEU IS0 I D  LIBRIRY- 1 
A6E (DAYS)- 0.5145lEOl TABLE 1 

ROIB 1 FROM 55.4 KEV 1 0  63.2 KEV 
PEM( AT 57.6 KEV FVIYI. 2.0 UEV 
INTEORU- 1001 RATE* 0.1 WS 
AREA. 64 ERR. 90.41 

11-182 AT 58.0 KEV 1 0.14143E-03 UCI 
AM-241 AT 59.S KEU = O.Jl24lE-04 UCI 

R o l l  2 FROM 73.S KEV TO 79.5 KEV 
PEAK AT 77.5 KEU FUHW 1 .I KEV 
IWTEORU= 1308 RATE. 0.1 CPS 
AREA. 440 ERR= 13.41 

1-131 AT 80.2 KEV 1 0.3033TE-02 UCI 
91-207 AT 75.0 KEU 1 0.1414E41 UCI 

ROII  3 FROM 89.8 KEU TO 96.1 KEV 
PEAK A1 93. I KEV F U W  I .b UEV 
INTEORU= I103  RATE. 0.1 US 
a c a =  IW ERC 30.51 

R o l l  4 FROM 234.8 KEV TO 242.4 REV 
PEAK AT 239.5 KEV F W .  1 .J UEV 
INTEeRU= 1191 RATE. 0.1 WS 
AREA. 714 ERR- 7.41 

PB-214 A1 241.9 KEV 0.14112EO4 UC1 

ROI I  5 FROM 293.0 KEV TO 219.S KEV 
PEAK A1 294.2 KEV FYIYI- 1 .5 KEV 
INTEO~AL. 458 RATE. 0.0 CPS 

.- 
AREA. 237 ERR- 12.41 

R o l l  6 FROM 348.9 K N  1 0  3Y.5 KEP 
? E M  AT 3SJ.O IN F W  1.4 IN 
IMlEeRU= $24 RATE* 0.0 CII 
ME& 144 ERR= T.OX 

?B-214 A1 3 S l . T U N .  0.2lllEO3 UCI 

R018 7 FROM SU.1 KEV 1 0  S1O.T K N  
? E M  A1 512.1 UEV FWlW 2.1 IN 
IIITEeRU. U3 RATE. 0.0 US 
ARE& I 2 3  E m  24.01 

MA-22 AT 51 1.0 K fV  . O.OE00 UC I 
CO-S6 AT 511.0 KEV 0.OE00 UCI 
CO-58 AT S11 .O IN . 0.OE00 UC I 
81)-QS AT 514.0 KEV . 0.41147E-04 UCI 



Roll 8 FROM 579.6 KEV TO 589.0 KEV 
PEAK 81 584.8 REV FUW. 2.3 KEV 
INTEQRAL- 371 II~TE~ 0.0 CPI 
8RE8= 281 ERR. 8.81 

UR-89 AT 565.8 MEV = 0.50522E07 UCI 

Roll 9 FRM (06.4 KEV TO b15.b KEV 
PEM AT 610.1 KEV FVWm 1.6 REV 
I;)IlEBRM= 1d1 RITE- 0.0 U S  
clREA= 233 ERRm 11 -42 

XE-135 I T  600.2 KEV. O.JJOJSE02 UCI 
81-214 IT ,  609.3 KEY . 0.176E12 UCI 

Roll 10 FRM 4I)O.S KEV 10 447.8 KEV 
PEAK I T  db2.b KEV F W  0.9 REV 
lNIE8RM. IS7 RITE. 0.0 CP8 
AREA. 49 ERR. 42.Q 

Roll 1 1  FRQ1 900.4 IN TO 914.9 WCV 
PEM AT 113.) KtV F W b  1.1 IN 
1NlS6RM= 194 RIA. 0.0 Ul 
Mu= 0 ERR. O.OX 

ROII 12 FMM 14S4.0 K N  TO 14b4.7 KEV 
PEM clT 14b2.S KtV F W b  0.3 KEV 
I)IlEORM= SS1 R8TE= 0.0 CPl 
clRE1. 0 ERR. O.Ot 

K-40 81 14b0.8 KEV Q.OE00 UCl 
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7 4 
UC MVlS  SWLES 14. 75. 76. 78.77 HOLE LOCAllON 18) SURFA8E TO 10 FEE1 IN 3 F I  INCRIN. LEHR 

IAO NO. 123 RIHL-ClVBERRI-FH BIDOER PAOE 1 
ABCI 1 LIVE 1lNE 10000 I W E  TIHE 10023 11 AUO 84 04143 
COLLECIEB A11 2212214S.4 17 l 8  14 

ENEROY(KEV)~ 0.2704E-07 CH-2  4 0.54 l lX00 C H  +0.41837EOI 
P E ~ K  avbrta11co- 1.00 WIN UIBIH- 4 YE UIBTH- B 
ARE4 lbCN8ROU#B= 1 XERRM= 1 .0O 
110 ID UI IB IY.  3.0 IN 1 1  ID LIBRARYm I 
A8E IDAYO)= 0.3Ul  lE01 A 1 

R o l l  1 FROH 55.4 REV I 0  43.2 KEV 
nlru 11 >>)>>) REV ~ m -  157.0 REV 
IIlE6R1Y. 944 RA1E- @.OW8 
#EM 44 ERR- >>>>I 

ROI) 2 FROM 71.5 NEV 10  79.5 INV 
PEM M n .4  KEV ~ m =  1.1 REV 
1IIEORIY- 1414 RAIL- 0.1CP8 
ARE&= 340 ERR- 0.11 

1-131 M 10.2 WEI 0.2222IE-02 UCl 
Dl-207 M 13.0 NEV 0.1322lE-03 ICl 

A018 3 FRO1 09.0 NEV 10 96.3 REV 
? E l l  11 93.3 NEV F W -  1.4 REV 
I n r E e w .  1044 RATE- 0.1 CPI 
ME1- IS6 ERR- . 14.61 

ROII 4 FROH 234.1 REV 10 242.4 WEV 
PEAR 11 239.5 REV F#W= 1.4 REV 
lI1EBRAL- 1260 RAIL- 0.1 CP8 
ARE& 620 ERR- 0.71 

PB-214 A1 241 .T WEV 0.2139TE-17 UC1 

ROII s FROH 2~1.0 nrv ro 29t.s UEV 
PEM A1 294.2 UEV F l H -  1.1 KEV 
IIIEORAL m 437 RITE- 0.0 CPS 
ARE 1- 223 ERR- 11.91 



PI-214 A T  295.2 KEV O.37697E-18 UCI 

ROIB 6 FROI 148.9 R N  TO JS6.S KEY 
PEAK AT 353.1 KEV FUW. 1.4 REV 
INTEORAL. 527 RATE- 0.0 CPS 
AREA. 147 ERR. 8.92 

BA-133 LT 356.0 REV . 0.10048E-03 UCI 
PB-214 LT JS1.1 KEV . 0.31016E-18 UCI 

ROl8 7 FR8I 508.1 KEV TO 518.9 KEY. 
PEIK AT 512.2 REV FYII)(* 2.1 REV 
IMTEORM. 346 RITE. 0.0 CPB 
AREA- 199 ERR. 14.52 

MA-22 LT 51 1.0 KEV . O.OEOO UCX 
CO-S6 A 1  S11.O REV O.OEOO UCX 
CO-$8 A1 111.0 REV O.OE0O UC X 
BR4S AT 314.0 REV . O.Wa(2E-04 UCX 

ROI8 B FRO1 579.8 KEV 10 589.0 KEV 
PEAK A1 384.8 REV F W  1.2 REV 
IIITLORY- I38  RATE- 0.0 CIS 
M E C  232 ERR- 11 -41  

ROX8 9 FRO)) 401.4 REV TO 415.1 REV 
PEAR A1 410.9 REV Fm(. 1.8 IN 
111181U- 341 RATE- 0.0 b 8  
ME& 2J1 E l m  11.41 

X1-133 AT 401.2 REV 0.314OH01 UCX 
#I-214 AT 409.1 KEV . 0.11444EO4 UCX 

ROX8 10 FROl 651.5 KEU TO 447.0 MU 
PEAKAT U3.8KLV F W b  2.4Kt3 
X11EORU- 130 RATE. 0.0 C?8 
WC 4 ERR- >>>>a 

ROX8 11 FRO)) 900.4 IN TO 914.9 KEV 
PEAKAT 913.4KEV FVI))). l.7KEV 
I I I lEBRI=  199 RATE= 0.0 U S  
AREA- 0 ERR- 0.02 

ROX8 12 FRO)) 1414.6 REV 10  14b4.7 KEV 
PEAK AT )>>>>> KEV fm(. 442.4 REV 
IIITEBUL- 401 RATE. 0.0 U 8  
UC.r 0 Ern. 0.01 





UC 8AVlO SAMPLE 873 HOLE LOC~ l IO I  281 1BW1 4 IMCHEB 0/2/8> 

110 #. 113 RIHL-CAMDERRI-FH BABOER PAOE I 
ABC8 I LIVE l l I E  1001 IRUE TIHE - 2002 17 AUQ 14 I8129 
COLLECIEB AI I  1 4 t l l t 4 l . l  17 LW 04 

EIERBl(KEV)- 0.27048E-07 *CW-2 t 0.54313EtO *CN t0.41837EOl 
PELK 8lL11811C8- 1-48 HIM MIDltW 4 MAY YI81H- 0 
AREL BLCK8ROYW8- I 1tRROR- 1 .1O 
110 ID IlHBDY- 1.0 KEl - 180 18 LIBRARV- I 
AbE (DAT8)m 0.11111t01 1 1 

R o l l  1 FR8I 73.1 KEV 10 79.5 KEV 
? f a  A 1  74.1 KEV F W  1.8 dl 
IHIEBIAL- 122 RAVE- O . t P S  
ARtC I f  ERR- 54.81 

Dl-217 A1 75.1 REV 0.5492IE-04 K1 

ROl8 2 FRO1 89.0 REV 10 14.3 REV 
PEAK A 1  92.3 KEl FWI. 1.0 KEl 
IIIEORM- 80 R A ~ E -  0.1 C P ~  
AREA- 2 ERR. )>)>I 

ROl8 I FROM 234.0 KEV 11 242.4 REV 
PfAR A1 239.4 KEY FWH- 2.1 MEV 
IllEORAl- 110 RAVE- 0.0 tPB 
AREA- SO ERR- 32.01 

P8-214 A1 241.; KEV - 1.70251E-30 UCI 

ROI8 4 IRON 213.0 REV 10 219.5 KEV 
PEAK A 1  295.7 RE1 I W I -  I .4 REV 
IN1EORAL- SO RAVE- 0.1 C P ~  
AREA- 24 ERR- 41.11 

PB-214 A1 213.2 UEV O.IJI04E-30 UC1 

ROI8 3 FROM 340.1 KEV 10 134.5 IEV 
PEAR A 1  151.9 REV IYHI- I .I MEV 

. IMlEBRAL- 52 RAVE* 0.1 CPO 
ARM- 52 ERR- 13.41 

PB-214 A 1  3Sl.1 KEV 0.2lO12E-30 UCI 



RO18 4 fROll 500.1 KEU TO 514.7 REV 
CEY AT 310.7 KtV fW- 0.7 )(LV 
I l l l t6RU- SO RATE8 0.0 CP8 
ARE& 1 S f R R ~  (1.32 

MI-22 I T  31 1.0 REV O.OtO0 U t l  
CO-54 I T  311.1KLVm O.OEOO UCI 
CO-U I T  51 1 .O REV 8 O.OEO0 UCI 

ROII 7 F R ~  m.r KEU TO 5u.4 rrv 
PEAK AT 583.4 K t V  fY)oI 113 )(EV 
IMTEIRU- 24 RATE- 0.0 em 
ARE48 24 ERR- 11.22 

KR-l? AT S15.1 KCV 0.2744117 UCI 

R o l l  8 FRM (04.4 K E  TO 412.9 KEV 
PEAK AT bW.l ILV fUl)- 2.7 KEV 
lMTt6RU- 11 RITE- 0.0 M 
ARE& 31 ERRm 14.12 

Rol l  1 FROM 4IS.J REV TO 447.8 KEY 
CEM I T  441.0 IN Fm). 1.2 )(LO 
IITEIRIL- 25 RATE- 0.0 C I I  
& l u l l  25 ERR- 20.02 

R O I I  10 fROI 100.4 000 TO 114.1 KfV 
PLY AT 111.1 I f V  FYM. 0.7 KEV 
IrnEORY. 17 RhIE- 0.0 CIIl 
W)r 17 ERR* 23.a 

R o l l  11 fROll 1451.0 REV TO 1444.7 KEV 
CLM I T  1444.9 KfV Fllk 2.3 Kn 
INTEBRY- ' 54 arrt- 0.0 m 
I#lr 34 mu- 12.n 

K-IO AT 14bO.I KEV 8 0.2lSl%0~-02 UCI 



UC DAVIS SMPLE 72 HOLE LOCATION 28 61NCHES DEEP (UNDER ORML) 0/2/14 

'1' 

T A G  MO. . 123 RIHL-CAIBERRA-FH 8ABOER PAN 1 
ADC8 I LIVE T I N E  - 2000 TRUE TIME . 2082 17 MU1 14 04115 
COLLECTEB AT# 0313h151.5 17 AUB 84 

ENERBY (KEV)= 0.27048E-07 *CM-2 + 0.54313E80 *CW t0.41837E01 
PEAK S T A T I S T I C S -  1.00 HIM IJIDTH= 4 MAX YlBTH- 8 
AREA BACKGROUNB. 3 ERROR= 1.00 
IS0 I D  UINBOU. 3.0 REP I10 I D  LIBhARY. 1 
A8E (DAYS). 0.387TZEOl TAME 1 

RON 1 FRO(( n.o KEV TO 79.5 KEV 
PEAK AT 76.8 KEV FUHM= 1.6 KEV 
I NTEORAL= 129 RATE= 0.0 CP1 
AREA- 51 ERR= 33.3: 

81-207 AT 75.0 REV = 0.93645E-04 UCI 

A018 2 FROM 89.8 KEV TO 76.3 REV 
?EAR AT 92.3 KEP F W =  1.6 REV 
INTEORAL= 101 RATE. 0.0 CP9 
AREA= 21 ERR= 57.1X 

RO18 3 FROM 234.8 REP TO 242.4 KEV 
PEAK AT 238.6 KEV FW=. 1.2 KEV 
INTEBRIL= 111 RITE. 0.0 Clg 
MU= 81 E l m  14.01 

A018 4 FROM 293.0 REP TO 291.5 KEP 
?EAR AT 295.5 KEP F W  1.9 REV 
IYTEORAL= 39 RATE. 0.0 CP9 
AREA= 24 EM= 38.n 

RO18 5 FROM' 341.9 REV TO 3U.S KEV 
PEAK AT 352.2 KEV FWN= 2.7 KIEV 
INTEORAL= 47 RATE. 0.0 W I  
MI A= 32 E l m  28.1: 

PB-214 AT 351.9 ULV 0.4089E-3t UCI 

ROI8 h FRO! 508.1 REV 10 516.7 KtV 
?EM AT >>>)>> (UI TyI)I(. 501.7 K1V 
INTE8RM= 13 RITE. 0.0 C?l 
MEA. 14 ERR- %.a 



ROII 0 FROM (06.4 KEV TO 412.9 nEv 
PEAK AT 409.3 KEY FUHM 2.3 REV 
IYTLGRAL. 32 RATE. 0.0 CIS 
AREA. 19 ERR. 36.81 

XE-135 At 408.2 KEV . 0.30312E00 UCI 
B1-214 AT 409.3 REV 0.49874E-14 UCI 

ROII 9 FROM 455.3 KEV TD 667.8 KEU 
PEAK AT 451.7 KEV FUIM. 4.1 KEV 
IltEORAL. 16 RATE. 0.0 C?S 
AREA. 14 ERR= 25.01 

RD-89 AT 457.7 KEV . 0.15444E08 UCI 
AO-1lOl At 457.7 KEV . 0.30218E-04 EI 
CS-117 AT 461.6 KEV 0.33418E-44 UCI 

ROII 10 FRUM 901.4 KEY 10 914.9 REV 
PEAK A1 910.1 KEY FUH* 0.4 KEV 
IWlEORAL= 22 RATE- 0.0 CIS 
AREA. 9 ERR. 77.72 

R o l l  11 FROM 1454.0 KEY TO 1464.7 KEV 
PEAK At 1461.4 KEY FUHM. 1.9 KEV 
IYTEORM. 54 RATE. 0.0 C I l  
AREA. 54 E l m  12.91 

1-40 A1 1460.8 KEY . 0.21513E-02 UCI 



7 

UC DAVIS SMRES 179 AM# 00 HOLE LOCATIW 121 6 IMCWLS UO S FEET 0/1/04 LEM 

110 10. 123 RIHL-CAWBERIIA-FH BADOfR PIOL 1 
ADCS 1 LIVE T I I I E  2000 TRUE T I M  - 2001 17 WO 04 03131 
COLLECTED A l l  02849134.1 17 LUO 84 

EMERQY~KEV)= 0.2704sL-07 rC I -1  4 0.14313EOO rCW 40.4lO37EOI 
PEAR STATISTICS= 1.00 MII UIDT)C 6 MAX UIDW= e 
AREA DICKGROUND= S ZERROR- 1 .OO 
190 I D  UIIDOY= 3.0 KEV 100 ID  LIBRMV- 1 
A0E (DAIS)= 0.304WE01 TABLE 1 

ROIB 1 CIO(I 73.0 IEV TO n.s rEv 
PELK AT 74.7 REV Fun#= 1.4 REV 
I MTEORAL= 107 RITE= 0.0 WS 
AREA. 21  ERR- SS.tX 

ROII 2 FRW 01.8 IN 10 96.3 IN 
PEAK A7 >>>>>> KEY FUWW 01.1 KEV 
INTEORAL= 84 RATE- 0.0 W I  
ARE&= 0 ERR- >>>>I 

ROII 3 FRO1 234.0 REV TO 241.4 KEY 
PEAK AT 230.9 REV FHllC 1.2 IN 
INTEOnAL= 112 RhTE= 0.0 cn 
AREA- 37 ERR 45.92 

R O I S  4 CROW 213.0 KEl 10 2W.S REV 
PEAK AT m.s mv rum 1 .r rtv 
IITEORAL= 43 RATE- 4.0 CIS 
AREl). 11  ERR- 32.41 

R o l l  S CROW 340.9 KEl 70 3U.S KEV 
IfMI AT 3S1.9 KEY FUY- 2.2 ILY 
lITEBALL= 39 RATE. 0.0 CfS 
AREC 24 ERR. 33.31 

ROIS 7 FROll 179.8 111 TO 108.4 I f Y  
f U K  AT SI1.l HEY FUMb 2.7 IN 
IITEIRLL- 34 RITE. 0.0 CfS 
AREA= 17  ERR^ u.n 



R o l l  8 FROl 401.4 REV TO 412.9 KEV 
PEAR AI 409.5 KEV rum 1.6 rrv 
INIEBRAL= 35 RITE- 0.0 01 
ARE&= 22 ERR. 34.31 

XL-135 AT 408.2 KEV . 0.330SEOO UCI 
B1-214 A1 6OT.3 KEV . 0.1SSTE-14 UCI 

R018 9 FROl 455.3 KEV TO 467.8 KEV 
PEIK AT 441 .a KEV runw t .r rEv 
I MTEORAL. 25 RATE. 0.0 CPS 
AREA. 25 ERR= 20.02 

CB-137 AT 461.6 KEV . O.SZS28E-04 UCI 

ROIl 10 FRO# 908.4 HE1 TO 914.9 KE1 
PEAK AT T I  1 .O KEY F W .  4.7 KEV 
I ITEMM. 14 RITE. 0.0 CNI 
AREI). 14 ERR- 21.01 

R o l l  I 1  FRON 1454.0 KEY TO 1464.7 KEV 
?EM AT 1460.8 KEY F W  3.4 KEV 
Ill E8RlS. 55 RITE. 0.0 MU 
AREA* 55 ERR= t2.X 



UC DAVIS SAMPLES 84 AID 05 HOLE LOCATlOI I 3 0  4 INCHES AH) 5 FEE1 8/2/04 L E M  

TAG NO. 123 RIHL-CAIICRRA-FH BAOOLR PIOL 1 
ADCl I LIVE TIME ZOO0 TRUE TIME ZOO4 17 I U 0  04 02106 
COLLECTED AT1 01124149.1 17 AUO 04 

EHEROY (KEVb- 0.27040E-07 *C1'2 + 0.S4313E00 * C I  :b.41037E01 
PEAU STATISTICI= 1.00 RIM UIDTH- 4 MAX ur~rw= e 
AREA BACUOROUIB. 3 XERROR- 1.00 
180 1B UlIBOU= 3.0 KEY I 8 0  I D  L IORMI -  1 
A6E (DAYS b- 0.29809EOl TABLE 1 

ROI l  1 FROI 73.0 UEV TO 79.5 KEY 
PEAU AT 77.2 KEY FUU). 1.0 KEV 
IITE0RAL. 11 1 RATE= 0.0 nl 
AREA- 20 ERR- 83.01 

B1-207 AT 75.0 UEV 0.34721-04 UCI 

R o l l  2 FROM 89.0 REV 10 96.3 KEV 
PEAK AT 93.0 KEV F W -  2.7 KEV 
II lE8RAL- 89 RATE. 0.0 CP8 
AREA. 24 ERR- 42.51 

ROIO 3 FROM 2J4.0 K E I  TO 242.4 REV 
PEAK AT 23B.9 KEV F U W  1.3 K N  
IMlEBRAL- 104 RATE= 0.m CPS 
ME& 41 ERR. 22.n 

ROIO 4 FROI 293.0 K E I  70  2W.5 KEI  
PEAK AT 2TS.7 KEV F M -  1.4 REV 
IMIEBRU- 44 RATE. 0.0 n s  
AREA- 31 ERR= 25.01 

PO-114 AT 29S.2 KEV 0.20598-32 UC1 

ROIO S fROM 340.9 REV 1 0  354.5 KEV 
PEAK AT 352.4 KEV fWC 1.9 K N  
IMTEORAL- 44 RATE. 0.0 CI(I 
AREA- 31 ERR. 29.01 - 

PB-I14 AT 151.9 KEV bel172SE-32 UCI 

RDIO 4 FR#l SM.1 KCI  1 0  114.7 KEV 
PUK AT 111.4 K E I  F M -  1.4 IN 
I MlEORU= U RATE. 0.0 CP8 
M u .  u ERR= 11.n 

2 A1 111.0 IN rn O.OE@O UCI 
CO-54 AT 111.0 KEV O.OEOO UCI 
CO-50 AT 1 1 1 . O K N -  O.OEOO Ye1 
I R J S  AT S 1 4 . O K N -  0.42llE-04 UCI 

ROIO 7 fROll m . 8  REV 1 0  SW.4 RCU 
P E M A T  564.1REI F W  2.1KEU 
IITEBRAL= 23 RATE. 0.0 CP l  
AREA- 4 ERR. >>>>I 

KR-09 AT 505.8 K N  0.124JSUO UC1 



R o l l  I FROM 404.4 KEV TO 412.9 KEV 
PEAK AT 609.8 KEV FYM. 1.3 IN 
IWTEBRAL= 38 RATE. 0.0 CPB 
AREA. 38 ERR= 15.7X 

XE-11s A T  600.2 REV O.Sl382E00 UCI 
Dl-214 AT 409.3 K N  O.1SOlE-1S UC1 

R O I I  9 FROM bSS.3 KEV TO 447.8 KEV 
PEAK AT 4SO.1 KEV F W  0.8 KEV 
IWTE8RLL. 14 R A E  0.0 CPB 
AREA. 4 ERR 21.4X 

RB-09 AT 457.7 K N  0.35972EOS UC1 
AO-1101 AT 457.7 KEV 0.24434E-04 UC1 

ROlI 10 FRM 900.4 KEV TO 914.9 KEV 
PEAK AT 911.7 KEY F W =  1 .4 KEV 
I WTEORAL= 17 RATE. 0.0 CP8 
AREA* 17 E m  21.SX 

R o l l  11 FRON 14S4.0 KEV TO 1444.7 KEV 
PEM AT 1442.1 KEI F W  4.2 K N  
I W f  EORY. 39 RATE. 0.0 c n  
AREA. 22 ERW 40.lX 



CHANNEL t 

AI-DOE- 13504 
269 



uc DAVIS SAMPLES 89 90 HOLE 31 LOUTIOH 6" MI 5 FEET 8/2/84 LEHR 

7 

TAO 10. 123 RIML-CIMBERRA-FM DAW€R PAM I 
A D C t  I LIVE TIME 2000 IRUE TIME = 2003 17 rY)@ 04 00111 
COLLECTED I T *  23111103.1 I6 IUa 84 

EMEROl(UEV)= 0.27040E-07 0CH02 + 0.14JISE00 OCM +0.41037E01 
P E ~ K  STITISTICS. 1.00 HIW MIDTW 1 MIX UIDTM= a 
ARE4 8hCKOROUIDm 3 ZERRm- 1 .OO 
IS01DMIIDW= 3.OKEV 180 ID LIM(IRI= I 
AOE (DAYS). 0.28974E@1 TIRE 1 

R o l l  I FR0l 71.0 KEU TO 79.5 KEV 
PEAK AI n .o  KEV rwn- I .s UEV 
IITEeRAL. 94 RITE. O.@ CPS 
AREA. 42 ERR= 33.5X 

81-2@7 A1 75.0 KEY 0.7711*-04 V C I  

ROI8 2 FRON 89.0 REV TO 91.3 KEV 
PEAK A1 91.7 UEV FUWW 2.1 KEU 
I)(TE0RAL= 83 RATE. 0.0 CPl 
AREA= 31 ERR- 4S.lX 

ROID 1 FRM 234.0 KEV TO 242.4 KEV 
PEAK AT n r . 1  KEV ~wrc 0.9 rw 
IWTEORM. 94 RITE. 0.0 CPl 
AREA= 51 E l l r  27.4 

0-214 AT 241.9 IN 0.2507lE-33 UCI 

ROID 4 FROM 293.0 REV TO 299.5 WEV 
PEAK A1 291.3 KEV FUWW 1 .O IN 
Il lE0lUL= 15 RATE. 0.0 CPt 
A@-= 22 ERR- 36.51 

R01D S FROM 140.9 KfV TO 1J1.5 KEV 
PEAK AT 352.7 KEV FUM- 0.0 IN 
I l l f M L L -  4( RITE= 0.a ma 
AREA= 11 ERR- 29.02 

ROID 1 F m  100.1 REV 10 114.7 REV 
?EM AT 511.3 WV F M .  2.9 llfV 
I I l E I M L -  43 RITE. 0.0 M 
AIU. IS ERR- la.- 

WI-22 AT 111.0 IN O.OE@O OC1 
CO-5( A l  11 1 .O IN 0.0E00 UE1 
C8-58 AT 111.0 IEV @.Of00 UCI 
91-11 A1 114.0 IN 0.70213f-04 OC1  



R O I I  7 FROM 579.8 WEV 10 500.4 KEV 
PEAK A T  581.2 KEV FUHMm 1.1 REV 
INlPBRALm 25 RLlE= 0.0 CC8 
AREL- 25 ERR= 20.01 

YR-89 A1 SOS.0 KEV l 0.14OS9EOI UCI 

ROI8 8 FROl 404.4 KEV 10 412.9 YEV 
PEAK A T  409.8 YEV runm 1.1 KEW 
IMTEBRALm 21 RLTE= 0.0 U 8  
AREI. 21 ERRm 19.02 

Xt-135 AT 400.2 KEV 0.24014E00 UCI 
B1-214 AT 409.3 K N  l 0.84031E-18 UCI 

ROI8 9 FROM 435.3 KEV TO 447.0 KEV 
PEAK AT 661.7 UPV FUHR- 0.0 REV 
l l lElRILm 17 RLTE* 0.0 U 8  
AREA= 17 ERRm 23.51 

C8-137 A1 461.6 KEI = 0.35719E44 UCI 

R o l l  10 FROM 900.4 REV TO 91.4.9 KEV 
PEAK AT >>>>>> KEV F W m  901.1 REV 
IMTEOML- 9 RITE= 0 . 0 O I  
AREI- 9 ERR. 33.32 

R o l l  11 FROl l4S6.0 REV TO OM.7 KEI 
?EM A1 1462.4 KEV FVWk 2.1 KEW 
I l tE lRMm 44 RITE= 0.0 &?a 
ARE& 27 ERR- 33.32 

AI-DOE- 13504 
271 



CHANNEL 

125 
121 

154 
I60 

421 
424 
432 

528 
S3b 

631 
652 
640 

924 
121 
134 

1056 
1064 
1072 

110s 
1112 

119s 
1200 
1208 
1216 

1661 
1664 
1672 

2649 
2672 
268) 

DATA 



UC DAVIS SAMPLES 92 8 93 HOLE BAMPLE 32 6' AND 5 FT, 8/2/84 LEM 

TAG NO. 123 RlHL-CANBERRA-FH MWR PAW 1 
nDCl I L I V E  TINE 8 ZOO0 TRUE TINE 2000 I 4  cYI8 84 221% 
COLLECTED zo1sz1~0.1 16 AUB 04 

EIERGIO(LV)- 0.27048E-07 *CN*2 4 0.54313E00 *CH *0.41837€01 
PEAK STATISTICS- 1.00 NXI MIDTC b MAX YXBTH. 8 
AREA BACKBROUIB- 3 ZERROR- 1.00 
IS0 I D  UIMDOU- 3.0 KEV IS0 ID LXBRART- 1 
A8E (DAIS) .  0.27983EOl TABLE 1 

R o l l  1 FRON 73.0 REV TO 79.5 KEV 
PEAK AT 77.1 KEV FUNM- 2.0 KEV 
IITESRAL- 12b RATE. 0.0 CPS 
AREA- 35 ERR- 51.4X 

R O I I  2 FROM 19.8 REV TO 1b.3 IN 
PEAK A 1  92.5 NEV FWM- 0.5 KEV 
I UTEORAL- 107 RATE. 0.0 CIB 
AREA- 1b ERR- >>>>X 

R o l l  3 FROM 234.8 UEl TO 242.4 KEV 
PEAK AT 239.1 REV F W -  1.5 UEV 
IITEQR&L- 11 1 RME- 0.0 CPB 
ARE&- 34 ERR= 47.22 

1 

PB-214 AT 241.9 KEV 0.44155E-JS llC1 

R O I l  4 FRO1 293.0 REV 10 2W.S KEV 
PEAK AT 2n.e UEV FW- 2.1 KN 
IMTEORAL- 3~ a m -  0.0 cn 
AM1- 23 ERR. 34.n 

PB-214 A T  295.2 KN - o . i z u c ~ - ~ s  ucx 

R o l l  S FROll 348.9 KEV TO 356.5 REV 
PEAK AT 332.4 KEV FYW)). 1.8 IN 
IITE8R&L- 53 R&lE. 0.0 U S  

-- - . 
AREA. . 3Q ERR- 23.42 

PB-214 A1 351.9 K N  0.13914E-35 OCI 

R O X l  6 FROM 508.1 K n l O  Sl4.7Kto 
PE1K AT Sll.7 KEV F W  2.0 E N  
XnEs lU -  3a RAlE. 0.0 M 
AIL&- xi E* 1s.n 



R o l l  7 FROM 579.8 REV TO 500.4 REV 
PEAR AT 583.1 KEI F W  3.1 KEV 
INTEORAL= 28 RL7L. 0.0CPI 
AREA. 28 ERC l 7 . a  

KR-89 L7 S8S.8 KEU 0.50469E-46 UCI 

R o l l  8 FROM 606.4 KEV 70 612.9 REV 
PEAR AT (10.0 KEI F W -  0.9 IN 
117EORAL= 11 RLTE- 0.0CT8 
AREA. 31 ERR- 16.11 

XC-13s A7 bO8.Z KEV O.IPS43EOO UCl 
11-214 AT bOT.3 KEV O.UW8E-20 UCI 

R o l l  P FROM 455.3 REV TO 667.8 REV 
PEAK A7 bS9.1 KEI FUIU(. 0.5 REV 
IYlEORAL- 16 a m .  0.0 ~8 
LILA= 16 ERR- ZSaOX 

Rl-89 AT (57.7 KEI O.lSOWEO@ UCI 
11-110M AT (57.7 KEV 0.3@114E44 UCI 
C8-117 A7 661.6 KEU O.fSb17E44 UCl 

R O I I  10 FROll 901.4 KEU TO 914.1 KEI 
PEAK AT 911 -0 KEI F W b  0.8 UEU 
IYT E8RAL. 20 RLlE. 0.0 CPl 
L R E ~ =  20 ERC 20.01 

R O I l  11 FROM 1456.0 KEI TO 14M.7 REV 
PEAK AT 1461 .4 KEV F W -  4.0 KEV 
IITE6RY= 50 RLlE. 0.0 CI(I 
AREA- SO LRC 14.01 

K-40 AT 1440.0 KEI 0.1992E42 UCI 







UC MU10 OWLE 194 SURFACES SAMPLE 49 O W  PEN8) 0/2/04 LEHR 

110 NO. 123 RIHL-CIIIIERRI-FH DAIOER PAM I 
AIC8 1 LIVE TIME 2000 RUE TIRE 20@4 16 MHl 04 10127 
caLLtcrEm 111 @71121t@.1 14 due 

EMERBY(WEVI= 0.2704sE-07 *CYa2 t 0.343IJE00 *CI t@.blO37EOl 
PEIN I l A l I # l l C I ~  1.0) RIM Y I D l R ~  4 MAX YI I lH*  0 
AREA BYRIRIIRD= 1 ZERRDRm l.@O 
111 18 111111= 1.0 WEV 110 1) LIIRbRY- I 
AIE OA'II)= 0.2220bE01 7AILL 1 

ROl1 1 FRO1 73.0 REV 10 79.5 REV 
PEAR A1 76.0 WEV FWRm 1.0 REV 
I I lE#AL= 124 RI lE- 0.0 CPI 
AREA= 20 ERR* 90.01 

R o l l  2 FROR 19.1 REV 7 1  94.3 REV 
PEAR AT 92.3 WEV FURM= 0.9 rEu 
I l l t l R A L =  1@3 RblEm 0.0 CPI 
AREA= 12 ERR= >>)>I 

ROI1 3 FROA 214.1 WEV 10 242.4 REV 
PER A 2 3  WE F 1.4 REV 
IRIEBRAL= 1@7 RblEm 0.0 CPI 
AREA= 12 ERR= 53.11 

ROII 4 FROA 293.0 REV 10 299.5 KEY 
PER 1 29.1 WE F U R  1.1 REV 
IIlEBRAL= 43 RblEm 0.0 CPI 
AREA. 10 ERR= 24.61 

PI-214 A1 295.2 REV O.Il702E31 UCI 

ROII 3 FRO1 141.9 KEY 10 lSb.5 WEV 
PEAR A1 131.1 WEV FW1= 2.3 REV 
IIlEBRAL= 47 RblE- 0.0 CP1 
AREA. 47 ERR- 12.71 

PI-214 A1 151.9 REV 0.12211E31 UCI 



Rol l  4 F W I  308.1 NLV 10 314.7 KEV 
PEIK I T  510.0 KEV F W  3.0 KEU 
IIIILOML. 41 RITE* 0.0 CIS 

24 E m  37.32 

WL-22 I T  S l l . O K E U ~  0.0E00 UC I 
CO-51  I1 51 1 .O KEV O.0EOO KI 
to-S8 I1 SIl.0KEV. O.WW UC1 

R O I ~  7 FROM sn.8 KEr TO sm.4 mv 
PEIK I T  31.7 REV FWI((. 2.3 KEV 
III'IC~L. 34 RLlEm 0.0 
IR(I. 14 ERR= 14.n 

KR-81 A 1  3I.O KEU 0.922H-07 UCI 

R o l l  8 FROI 401.4 KEV 10 412.9 KEV 
PLMI I T  409.2 KEV FUlW 1.4 KEV 
I I l L s l U -  37 RLIE= 0.0 C I I  
WI. 24 El* 33.31 

Xt-115 I1 408.2 KEU 0.80414E31 UCI 
11-214 I T  409.3 KEU 0.24344E-12 #I 

R o l l  9 FWII 4U.3 REV 10 447.8 KEV 
PEAK I T  442.3 KEV FUWllr 0.3 KEU 
IWTEOMl. 22 RLR* 0.0 M 
IRE& 22 ERW 18.12 

CS-I17 I T  441.6 KEV . 0.44Z22E-@4 UCI 

R o l l  10 FR# 1451.0 KEV 10 1464.7 KEV 
P L U I T 1 4 U . O K V  F U Y l  2.1KEU 
tan-= 58 RITE* 0.0 C I I  
ME& 38 L m  12.01 

K-40 A l  1440.8 KEU . 0.P107E-02 UCI 



CHAWREL # DATA 





UC DM11 8-E I 9 5  SURFACE W L E  LOCAllON 110 0 0 0  PEN#) 8/2/84 LEHR 

ENEROl(KEVl* 4.2704I-07 *CN'2 t 0.S4313EOO *CN t0.41137EOl 
PE~I BI~IIBTICO- I.M 1111 MI~III- 4 nnx MIBIH- I 
ARU B~CIIR~UIIB- 'I SRROR= 1.00 
111 I #  WMD1M- 3.0 KEV 110 ID LlDRAR1- 1 
AOE OATtl. b.2l9tIEOt 1bUE 1 

R O I O  1 FROM 73.0 IEV 11 79.5 IEV 
PEAK A 1  74.4 MEW FUUI- 1.1 REV 
IIIIEOIIIL- 127 R11E. 8.8 CP8 
AREA- 34 ERR- 58.01 

U-187 A 1  72.1 KEY 0.10327E-02 UCI 
HI-283 A 1  72.9 KEV O.4514E-01 UCI 
#I-207 A 1  72.1 #El 8.11594E-I3 BCI 

R o l l  2 FROM 09.0 IEV 10 91.3 IEV 
PEAK A 1  92.9 KEV FUII- 2.7 IEV 
117t0RlL- 90 RI1E- 0.0 CPB 
ARE& 31  ERR- 31.81 

R o l l  3 FROM 134.1IEV 10 241.4IEV 
PEAK A 1  231.1 MEW IW- 1.4 IEV 
IHlE8RIL- 1 I 7  R11Em 0.0 CPB 
AREA- 72 ERR- 20.81 

R o l l  4 FROM 293.0 IEV 10 199.5 KEV 
P A  A 295.2 ME M I  1.8 REV 
111EORAL- 44 RRlE. 0.0 CP1 
AREl- 11  ERR- 55.51 

PB-214 A 1  295.2 IEV 0.17833E32 UCI 



ROI8 S FROB 348.9 KtV TO 3Sb.S KEV 
PEAK A1 352.1 REV F Y W  1.6 REV 
INTEIRAL- 17 RATE* 0.0 C?S 
ARE I* S7 ERR- 12-11 

PD-214 AT SS1.9 IEV 0.37139E32 UCI 

R o l l  8 FROB 401.4 REV 10 412.9 KLV 
?EM AT 609.9 KEV F U Y I  1.4 I f U  
1 WTEWY. 34 RITE* 0 . 0 C f l  
Altu. U ERW 14.U 

R018 9 FROB bSS.3 KEV 18 647.8 REV 
PEAK A1 U l .7  KtV FYlYC 0.7 K t 3  
ll(lE8MLm 27 RATE- 0.0 W8 
AREI. 27 ERW 18.51 

R018 10 FROB 1400.0 KEV 10 1464.7 I I V  
PCMI AT 1460.9 Wtl F Y Y I  2.1 I f U  
t n E m a m  47 RITE. a.0 cm 
~ l t u .  17 ERR= 11.- 





U MVIB MWLE O 94 SURFACE 8l)lPtE 1 1 1  8/2/84 LEW 
.ORE 1 l l E  rn 2011 1b MI9 14 141I4 
CBLLECIED AII 03117121.9 14 AM 14 

EWROY(REV). 0.27041-07 a - 2  t 0.34JIJE4O *CI tO.bl@37E01 
PEbK 8 lA l l 8 l lC1 -  1.00 HIM ~l~ll* b IAN YIBIH. B 
AREl BAC18ROBlD- 1 IERRM* 1.00 
188 ID YII1BY- 1.1 REV 110 11 t IBRAlY* 1 
AfiE (DAYB). fi.HbJIO1 1YLE 1 

R O I ~  I fa011 n.c KEV 11 n.5  KEV 
?EM A1 74.9 REV IUHI. B.B WLV 
lI1EORAl. 110 RIIE- O.OC?B 
AREC I 9  ERR= 4b.II 

U-I17 A1 72.1 KEV fi.119bSE-12 LI 
NO-203 l1 71.9 IEO 0.49bIH-11 Ul 
11-Zfi7 M 72.1 REV 0.12SbE-@I Ul 

WID 2 FRON 19.1IEVTB 9 4 . 3 W  
?EAI A1 91.0 REV FWN. 1.7 ILV 
I l tEBRU= 105 Rl1E- fi.0 C?# 
AREI. 14 ERR= >>>>I 

RBI1 1 FRO# 234.1 WEV 11 242.4 El 
?E1K A1 2M.4 KEV I W I *  0.9 KEV 
ll1EORAL- 131 RATE- 0.0 C?# 
AREA* 51  ERR* 3fi.I I  

RBI) 4 FROl Z11.0 REV 18 291.5 WLV 
PEAK AI 2n.s wtr ruu* 1.1 KEV 
1 I I E ~ M .  SO Rl1Ern 0.0 CTB 
AREA* 11 ERR* >>>>I 

R l l 8  S FROM 141.9 REV 10 334.3 REV 
?EM 1~2.2 KEV IWI* I .7 KEV 
IITEML* 71 R~IE- 0.1 C ~ B  
AREA= $4 ERR= , 17.01 

PB-2l4 A 1  351.9 REV 0.1243SE32 UCI 



R o l l  6 FROl 508.1 REV TO 516.7 REV 
PEAK AT 511.0 UEI FYm- 1.4 IN 
IITEBRAL- 45 RATE. 0.0 U S  
ARU- 45 ERR= 13.3X 

ROII 7  FRO^ 5n .c  KN 70 5m.r KEV 
r E M  AT aa.4 UEI FW- 1.4 (IN 
I ITEBRU- 33 RATE- 0.0 U S  
AREA- 13 ERC 15.1X 

ROIl 0 FROl bO1.4 KEV 10 (12.9 REV 
PEM AT 609.8 UEI F W  1.2 REV 
lWTE@R&~ 42 RATE. 0.0 CtS 
MEA- 2T ERR- 27.5X 

XE-115 AT bOI.2 KEV 0.8b37¶E-Ol UCI 
BI-214 AT 609.3 (IEV 0.11W7E-13 ICI 

ROIB 9 fROW 415.3 IN TO 447.1 (IN 
PEAK AT Ul .3  UEV F W -  0.5 KfU 
I l lEBRM- 22 RATE. 0.0 WS 
AREA. 22 1B.lX 

CS-117 AT b41.4 (IEI = 0 .4b2 l144  UCI 

ROII 10 FROl 1451.0 (ILV 70 1464.7 KEI 
PEAK AT 1440.1 UEV FUWl  1.4 (IEV 
I NTEUA- 39 RATE= 0.0 U S  
MW 39 ERR- 15.3X 



UC DAVIS UATER W L E A l  RIVER JIBCWAROE UNMMlM ORlElM ABOUT SO w L O M  PER MINUTES 

TAO no. 8 123 RIWL-CAWIERRA-FM MMER CAM 1 
A D C I  I LIVETINE- 2000TRUE111Em 2004 14AU004 05113 
COLLECTEI A T 1  04119129.7 1b AUO I 4  

EIIEROY(~EV)- 0.2704m-07 rcw-2 l O . S ~ ~ ~ J E O O  ocn t o . r l en to l  
PEAK lTATI8TICI. 1.00 111 YIBTW- 4 MX YIBTH. 0 
AREA DACUOROUII- 3 fllR#= 1.bd 
110 I D  YIHI)YI 3.0 REV 188 18 L lMMT= 1 
AOE (DATS). 0.2I227EOl TABLE I 

R o l l  1 FR0R 73.0 IN TO 79.3 IEU 
PEnu AT 74.9 UEW rum= 2.4 m 
I ITEOILL- 23 RATE. 0.0 CP8 
ARE& 10 E m  70.02 

Y-107 AT 72.1 REV o.2tnw-03 IJCI 
He-203 AT 72.9 REV 0.127ZE-01 UCI 
BI-207 AT 72.0 REV = 0.32204E-04 KI 

ROII 2 FROI ~9.0 n tv  r c  94.3 KEV 
PEW AT (2.1 nEv FW 0.7 UEV 
I RTE0R&= 43 RIA- 0.0 Et8 
AICI. 17 ERF 50.82 

ROI8 3 F R #  234.0 KEV 10 142.4 KEU 
P W  AT 2U.S KEV NII. 1.3 KCV 
IWTL0RK= JO RLA- 0.0 CP8 
AU(r 1s E m  51.31 

ROII 4 FR# 2n.o rcv rc 2w.s In 
rmr AT >>>>>> nEv FW 1.1 KEU 
IWTE0RM- 14 RLA. 0.0 CIS 
AREA- 1 ERR= >>>>a 

ROII s FR# t u . 9  REV TO 1s.s KEV 
CElU AT >>>>>> KEV F U T  342.5 ILV 
~nnenu=  I RLA- 0 . 0 ~ ~  

-- - ARE& 0 ERR- 0.02 - 

R O I I  b FROll 5W.1 Kfl 18 311.7 I(tY 
ELI( AT 310.0 KW fW). 0.9 KEV 
I n c a & =  n a m -  0.8 cm 
AREA= 28 17.a 

w)-21 41 S1l.O KEV b.9Cb9 UCI 
CO-IW AT Sl1.OUEV~ 0.MW Pf 1 
co-51 4 s 1 1 . 0  . UCI 

ROII 7 rmr sn.8 ~c rv  To ~ 0 . 4  rctv 
rua LT m.s mv FW). 2.1 n v  
f lRORU= 14 Rlnm 0.0 V1 
ARCL. 14 ERF 21.41 



R O I I  B FRO1 404.4 ULV TO 412.9 UEV 
PEAK AT 410.B REV FUIIII. 6.5 KEY 
IITLQRY. 10 RATE. 0.0 CIS 
AREA. 10 L R F  3B.01 

Xt- l tS A 1  408.2 KEY 0.27647L-41 UC1 
JI-214 A 1  409.3 KEU . 0.S4247L-IS UCI 

ROIB 7 FRO1 bU.3 REV TO 447.8 REV 
PLAK AT 640.7 M V  FUWII. 0.5 KLV 
IITE8RU. 4 RATE. @.O O S  
ARE& 4 E m  33.31 

RB-OT A 1  457.7 REV . O.30723E-20 UCI 
AQ-110M AT 6S7.7 KEU . O.lltO2E-44 UCX 
CB-137 A1 441.4 KLV 4.12604E-44 UCI 

ROXI 10 FR8U 704.0 KEV TO 917.1 KEU 
I E M A I  710.1 UEI F W  13.0IKU 
I BlE8RM. 7 RATE- 0.0 CIS 
A M A ~  7 L R F  28.R 

R O I I  11 FRO4 1456.0 WE) TO 1444.7 ULI 
PLAK A1 >>>>>> U N  F M M  0.0 K N  
IBltBRU. s R A ~  0.4 em 
MEA. S ERF 40.01 

ROXI 12 FRM 1 n r . i  KEV TO 1rrs.7 Err  
PEAK AT >>>>>> KEU FM) r  0.8 UEV 
IITtOllM. 1 R A ~  0.0 em 
Alb. 1 ERR= >>>>I 







UC MU18 S M I I E I  1'0 130 1 131 - DEEP YELL DRILLEB 111 WOLE I11 DRILLIHO UELL MUD 81MPLE8 70 f 7  LEVEL AN) IOTTOH LEHR 

I 1 raw 73.0 KEY 11 n.s KEV 
PUK H 74.2 WEV FUU- 1.6 REV 
INIEDML- 114 RAIL* 0.0 CIB 
AREA= a0 ERR. 40.01 

U-117 A7 72.1 KEV . 0.BOSOSE-@3 IC1 
)I(-213 A1 72.1 REV 1.11144-81 IC1 
11-lb7 A1 7Z.1 REV O.lb41N-O ICl 

R o l l  2 FRlH 11.1 REV 10  14.3 REV 
PEAK A1 12.0 NEV FWN= 3.1 llfV 
lNIE#M= 113 RATE= 0.0 CPI 
AREA- 1 ERR. >>>>I 

RBI1 1 fR0N 234.1 REV 11 242.4 UEV 
PEAK A1 211.1 I E l  fVIM 2.2 KEV 
INIEIRAL* 111 RklE= 0.0 CII 
AREA- 74 ERR= 23.12 

ROID 4 FROM 213.0 REV 11 211.9 KEV 

AREA- 30 ERR= 31.32 

R o l l  S FRO1 141.1 WEV 11 I1.S REV 
PEAK A1 3Sl.l REV fUlllm 2.4 REV 
l l I E l A l =  41 RklE= b.0 CCB 
AREA- a4 ERR- 24.4X 

PJ-214 AT lS1.1 KEV 0.43402Elb MCf 



R o l l  4 FROM 501.1 KEV 70 514.7 KEV 
)EM AT 51 1.0 REV FUY. 1 .4 IN 
IMTE~ML. 40 arm. 0.0 crt 
MI& 23 ERR. 39.11 

MI-22 AT 511.0 REV . 0.OE00 UC 1 
CO-56 A T  511.0 REV = O.OEOO MCI 
a-5) A1 51 1.0 IN . O.OE00 UCI 

ROIU 7 FROII 5n.s KEV 70 sm.4 KEV 
PEAK AT Ui.8 nrv F u w .  l.a IN 
I17tORM= 33 RIlE. 0.0 CP9 
ARE& 3Y ERR- 17.12 

R O I a  8 FROM 604.4 KEV 70 612.9 KEV 
PEAI AT bO9.8 KEV FWY(. 0.9 IN 
IMTEIML. n ~ 1 7 ~ .  0.0 crt 
w n ERR- 20.0~ 

Rot# 10 f M  904.0 KEV 70 917.1 KEV 
P U I A T  111.2REV FWYC 2.7ILV 
I I IL8RU= 28 RIClt. 0.0 CW 
WC 28 ERR- 17.81 

R O I ~  12 rnon 1n t . i  rrv 70 1743.7 REV 
PUK AT >)>)>> KEV FUY.  0.8 IN 
1ITE8RM. 3 RhA. 0.0CPl 
M A =  3 ERR- 66-42 



UC MU18 SAMPLE I133 ABM8 OW UP BY OOIWLR8 IN COBIYT 40 FIELD 8/4/84 LEHR 

140 NO. . 123 RIM-CIWBERRrCFH 8AM€R P A M  1 
nBca 1 LIVE Tlnc 2000 TRUE TIHE 2004 14 ~8 84 03143 
COLLECTED I 1 1  01106147.0 14 IU8 04 

EHERBY O(EVJ= o . 2 7 0 ~ ~ - 0 7  MI-2 + 0.34113EOO rcn +o.rlasxor 
PEIK #TITI81ICB- 1 .OO 1111 Yf81H. 6 MI YIBTW 8 
AREI BACROROUNB. 1 ZEllROR. 1.00 
190 1B YINIW. 1.0 UEV ID0 ID LIBRUY- 1 
AOE ( O A l t  J. 0.2038JE01 TINE 1 

ROII t FRO)( n . o  KEV TO 79.5 KEU 
PEIK A1 77.0 REV FWW 1.3 IN 
1 ITEORIL= I 9  RAW- 0.0 CPS 
AREA. 57 ERR= 37.81 

Roll  2 FRO11 89.8UEVTO 94.3UEV 
PEAK A 1  92.4 REV F W  2.8 KtY 
lITEORM= 73 RITE. 0.0 01 
ME& 54 ERR- 33.21 

R O I I  1 FRO11 234.8 REV TO 242.4 UEV 
PEAK AT 238.4 UEV FYY(. 1.8 KEV 
IITEBRM= 74 RATE- 0.0 c n  
AM& 44 ERR. 27.21 

ROII 4 ~ r n  293.0 MEV TO 299.3 KEV 
PO& AI 2m.9 UEV r w  1.0 KEV 
IITLBRM= u RITE. 0.0 ma 
MS& 10 ERR. W.01 

R O I I  5 FROB 140.9 REV 10 356.5 #V 
?EM AT 131.1 KEV F W  2.7 REV 
IITEslUL= 49 RATE. 0.0 CPB 
&€I- 11 57.81 

PB-214 AT 331.9 KEU 0.87074EZ9 UC1 

nr-n ~11.0 KN o.otoo O C ~  
C8-34 AT 511.0 REV 0.OLW UCI 
C8-58 AT 511.0 REU 0.MW PC1 
U 4 S  AT 314.0 IN 0.44341-04 UCI 

R o l l  7 FRO4 579.8 UEV TO 508.4 U N  
PEAR A T  >)>)>> UEV FYIW sn.5 KEU 
INTEIML= 14 RATE= 0.0 CPl 
AREA= 14 ERR. 21.41 



R O I l  7 F M l l  579.8 KEY 10 $08.4 KEV 
PEAK 41 >>>>>> KEY runr  3n.s  KW 
IIlE8RAL. 14 RATE. 0.0CPl 
AREA. 14 ERR- 21.4X 

ROI8 B FROR 604.4 KEY TO 612.9 KEV 
PEAK A 1  609.9 KEV CUUI. 0.9 REV 
lWTEBRM= 24 RATE. 0.0 CPI 
AREA. t 1  ERb 43.4X 

XE-115 A 1  608.2 IEV 8 #.27048E-#1 UCI 
BI-214 A 1  609.3 KEV 8 0.2343%-34 @CI 

R01B 9 F W I  4S5.3 KEU TO 4b7.8 KEU 
PEAK A 1  657.3 KEV FWM= 1.4 K N  
IWTE8RY. 17 RATE. 0.0 CM 
M A .  I 7  ERR. 23.S 

RB-89 ~r 457.7 KEV c. i2nt-21 ucr 
48-11W A7 657.7 KEV 8 0.32014E-44 UC1 

R O I l  10 CROR 904.0 KEV TO 917.1 KEV 
PEAK A 1  >>>>>> K f V  F W  0.8 K N  
I ITEMM- 21 a m 8  0.0 cts 
-8 21 ERb I9AX 

R o l l  11 FRUU 1454.0 IEV 10 1444.7 I f V  
PEAK A 1  1441.2 KEV FU(lr 4.1 KEV 
IITEORY. $2 RAVE. 0.0 CPI 
ARE18 S1 ERb l3.4X 

ROlB 12 FROll 17S9.1 KEV TO 174S.7 I f V  
?EM A1 >>>>>> WtV FU(lr 0.0 I N  
IHltORIL. 1 R1lE. 0.0 CM 
mc 1 ERR. >>>>X 



UC DAVIS SAMPLES 121.127.128. 8 129 DEEP UELL DRILLED IN UOLE 129 MUD SAMPLE8 P 30.40.50.8 10 FEET LEM 

TAO 10. = I23 RIHL-CINBERRI-FH BABIXR PAOE 1 
ADC1 1 LIVE TIME 2000 TRUE TIME 2002 I1 M)O a4 03102 
COLLECTEB AT: 02130140.0 16 IUO a4 

ENEROY(KEV)= 0.2704OE-07 *CHa2 4 0.54313EOO *CW +O.blO37E01 
PEIK 8TITISTIC8= 1.0, M I W  YIBTH. 4 MAX YIBlH- 8 
AREA BACKQROUIB- 3 IERRW- 1 .OO 
IS0 18 YINDOY= 3.0 KEV I80  ID  LIBRARY. 1 
A6E (DAYB)= 0.20312EOl T I U C  1 

R o l l  1 FRMI 73.0 KEV TO 79.5 REV 
PEAK AT 77.0 REV FYWI). 2.2 KEU 
INTEORAL- 141 RITE. 0.0CP8 
AREA- 37 ERR- 51.32 

81-207 AT 75.0 KEV 0.17935E-04 UCI 

R o l l  2 FROM 89.0 REV TO 91.3 KEV 
PEAK AT 91.9 KEU F Y W  1.7 KEU 
IIlEORIL- 96 RITE= 0.0 CP8 
AREA- 31 ERR- 48.Z 

R O I l  J FROM 234.0 KEV 10 241.4 REV 
PEAK AT 230.7 KEV F Y W  1.4 KEU 
INIEIIIIL- 123 RI lE= 0.0 WO 
AREA. 63 ERm 25.32 

RO11 4 FROM 293.0 KEU 10 299.5 KEV 
PEAK AT 295.4 KEV F W -  2.0 KEU 
1IlEOR1L- 37 RITE- 0.0 CI8 
AREA- 24 ERm 33.32 

PB-214 AT 2W.2 KEV 0.4484SE21 UCI 

R o l l  S FROM 140.9 KEV TO 156.5 WEV 
PEAK AT 352.2 REV F W -  0.1 KEV 
IITEBRM- a7 RITE- 0.0 c n  

- AREA= 42 ERR- 21.41 

ROIU r FRW sa.1  m 10 air.7 mv 
PEAK A 1 3 m F -  4.3 KEU 
I I lCeRIL- S2 RATE* 0.0 CPS 
AREC 1 E m  28.SZ 

w c 2 2  AT ai1.0 KEU 0 . ~ 0 0  UCI 
CO-56 AT I l l . 0  KEU O . I W  BCI 
Cl-Sl  AT I l l . 0  KEU O.OCOO YCI 
8R-8s AT 514.0 KEU 0.W24E-W UCI 

RON 7 FROM an., m TO sw.4 #r 
PEAK AT SU.7 KE1 FUYI. 2.7 KEU 
IMlt9RIL. 4s RITE= 0.0 c n  
AREA- 4S ERm 11-32 



R O I I  7 FROM $79.1 KEY TO SW.4 KEY 
PEAK AT $03.7 KEY F W =  2.7 IN 
IMTCOllY. 45 RhTE. 0 .O CPI 
AREA. 4s ERR= 1a.a~ 

11-01 A T  Sn.8 KEV 1 0.2372lE-33 UCI 

R O I I  1 CROW bO4.4UVTO 112.9UV 
PEAI A T '  110.7 U V  fUYI 0.9 IIV 
INT~MK= n RATE. 0.0 c n  
AREA. 14 ERR. 33.3: 

R O I I  11 FUOU 14M.0 MfV TO 1444.7 KEV 
P E l  AT 1441.9 K V  fUlC 0.9 K N  
IlTEMlS. 47 RATE. 0.0 W# 
 ARE^ 47 tna- 1 i . n  

ROII 12 CR# tnv.1 am TO i7ts.7 KEU 
PEAK AT >>>>>> #EV fUlC 0.a KEU 
IITEORIL= 3 RAE. 0.0 c n  

AI-DOE-I 3 5 0 4  
2 9 5  





UC DAVlE 8AWLE8 fi121.122.123. 1124 DEEP UELL 81 40 F1. 10 70 F1. IN 10 F1. INCREMEHIE MUD EAMPLEE LEHR 

1AO 10. 123 RIHL-CINBERRA-FH DABOER ? I S  1 
ADCR 1 LIVE 1 l l E  . 1571 1RW I lHE - 4586 I1 MI 84 fi11S1 
COLLECIED 414 0010Jt5¶.4 11  LO8 84 

R O I ~  t FROM 73.0 NEV 10 n .5  rEv 
nu 41 77.3 rrv Fmr. 4.1 nEv 
IIIE8RU. 584 U t E =  0.0 U 8  
LREA. 90 ERR. 44.41 

R O I ~  2 raoa IT.IKEVII 9 1 . 3 ~ ~ ~  
PEAR A1 92.8 KEV FUHM. 1.8 KEV 
IIlEORL. 425 RLIE- 0.0 CP8 
MEA* 1fi8 ERR. 33.02 

R018 8 FROM 234.8 KEI 10 242.4 KEV 

LREA= 174 ERR. 11.82 

ROIfi 4 FROM 293.0 KEV 18 2W.5 HEV 
PEAR A1 295.9 KEV FYWR. 1.2 REV 
IIIEfiRLL= 173 RIVE- a.0 c?S 
LIE A. 54 ERR. 35.71 

R O I ~  I nor 840.9 REV 18 1sr.s REV 
PEAKAI JS~.JKEV FWN. z . 4 r ~ v  
IIlEfiRAL- 114 RATE- 0.0 CP8 
LREC 119 E l l =  15.11 



ROIO b FROM SOI.1 IN TO 114.7 UEV 
?EM I T  Sll.4 REV F W =  2.2 REV 
I W1E IRIS= 111 RITE- 0.0CtB 
IRE&. 74 E U .  27.01 

MI-22 AT 511.0 U N  . 0.OE00 UC 1 
coac rr st1.o m = o.oroo ICI 
CO-# I1 Sll.0 UEV O.0E~O UCI 
BR-81 I T  114.0 K N  . 0.34371E-04 UCI 

ROIO 7 FRW 5 n . r  m 18 u r . 4  a v  
P U K I T  SU.7KfV fW. 2.2 KEV 
IHlE8RY= 131 RITE. 0.0 CIB 
A m =  17 ERR. 11.41 

R o l l  B FRO(I 604.4 UEV 10  612.1 REV 
P E M I T  609.4UEV F W =  1 .S I fV  
I~ESRY- 131 RhlE. 0.0 CPB 
IRE&= 92 ERR. 11.22 

R O I ~  9 F R ~  4~0.0 REV 70 4n. t  UEV 
PUK I T  473.1 REV FYIY(. 0.S IN 
II lE#&= 100 R l l fm  0.0 WO 
IUI. 10 ERR. >>>>z 

R8IO 10 fROl 904.0 K f V  10 917.1 UEV 
PEAK I T  911.7 REV F W =  1.7 IN 
I I lEeRY=  85 RIR. 0.0 CIS 
ORE& bO ERR- 21.42 

ROIO 11 FW 14s.o m 10 1 r u . t  KEV 
P I  I T  1441 3 F  4.2 IEV 
IW~ESRY= 2 s  RITE. o.fi c n  
h l E C  in Em-  10.12 

ROIO 12 raw 1 m . i  mv 10 174.7 lm 
PE1K OT >>>>>> KEV FYM. 111.0 &EV 
IIltMY= 14 R I l G  0.0 U S  
IREl= 3 Em-  >>>>X 



UC DAVIS SAMPLE 1'9117.1 18.1 19. 1120 DEEP UEL I 1  8lAR1 TO 30 F l  II TEN r1 I W ) ( E # T 8  W 8  OMnE8 LEHR 

TAG NO. 123 RIItl-ClWIERRA-FH MBOER PAM 1 
nocm I LIVE TIHE - 990s TRUE TIRE !woo IS LU@ 04 21113 
COLLECTED  TI 0@1191JD.b IS bW 04 

EHEROY(KEV). 0.2704eL-07 *CNa2 t 0.S4313EOO *CI t0.4lO37LOl 
PUN STATIBTICS. 1.00  IN UIBTH= 4 nrx ur~rn. a 
AREA DlCKaROUWBm 3 ZERROI). 1.00 
IS0 I D  UIWDOU= 3.0 KEV I80  I D  LIDRARI= 1 
ABE (DAIS)= 0.12D9SEOl T A U  1 

ROIl 1 FROM 73.0 REV 10 79.S IEV 
PEAK AT 74.4 KEY FWW 0.7 IN 
INTEBRAL= n 4  R~TE. 0.0 CPS 
AREA- 74 ERR- 35.7~ 

U-I87 AT 72.1 NEV . 0.22b91E-03 UC1 
ne-201 rt 72.7 nrv o.cecza-oa ucx 
81-207 AT 72.0 IN . 0.4773134 UCI 

ROIl 2 FRO1 89.8 KEV TO 91.3 KEV 
PEIK A1 92.4 KEV FWI -  1.1 KEV 
INTEORIL- 234 RITE. 0.0 cpr  
AREA* 52 ERC 40.01 

R o l l  3 FRO1 234.a KEI 70 242.4 KEV 
PEAK AT 238.0 IEV F U W  1.1 KEV 
INlE@RIL= 2# RATE. 0.0 C I I  
AREA= 100 ERC 21.21 

R o l l  4 FRO1 148.9 KEV TO 154.5 KEV 
PElK I T  352.0 REV F W  1.2 KEY 
IWTEBIIM- w RWE. 0.0 c n  
ARE!. 25 ERC 49.51 

PD-214 AT 351.T K N  0.77nlElb UCI 

R o l l  S FRO(I SOI.1 IN TO 514.7 IEU 

- PEAK AT 511.1 KEV F U W  2.0 IN 
falEaRa= 111 RIE= 0 . 0 ~ 8  
MtM 100 E m  17.02 

11-22 AT 511 .0 m - 0 . a ~  UCI 
CO-Sb AT $11.0 IN rn O.QE@O UCI 
CO-W I1 511 a0 K N  . 0.QEOO UCI 

ROID FROII 5n.e KEV 70 500.4 KEV 
PEIK A 1  W3.O KEV FM(. 0.0 IEV 
.IlTEIRMm 13 RIA. 0.0CPS 
AREA. 12 ERR= >>>>I 

K R - o  rr SDS.OKN= 0 . ~ 4 r n r i ~  ucx 



ROlU b fMWl 571.8 KEV TO 580.4 KC9 
PEAW 41 581.0 KEV F W  0.8 UEV 
.I MTEIRM. 43 RATE. 0.0 nt 
AREA. 12 ERR- >>)>I 

ROlU 7 FRO1 (01.4 KEY TO (12.9 KEY 
PEAK AT b0t.O REV F W =  1.0 REV 
INTEIRAL. 49 RATE. 0.0 e n  
AREA. 23 ERR- 43.42 

XE-135 AT bOO.2 K N  . 0.27702E-@2 PC1 
B1-214 A1 (09.3 KEV . 0.24125E24 UCI 

ROI8 8 FROM 640.7UNTO 673.7IEV 
PEAK A1 Ml.8 UEV F U W  1.7 IN 
I ITEIML= 49 RITE. O.OC?I 
AREA. O E m -  0.02 

CS-117 AT 6b1.1 K N  = O.OE@O UCI 

ROIU T FROM 1451.0 KEV TO 1464.7 UEV 
PElK A1 1459.4 REV f W  4.6 REV 
ICIEIRM= I 8  RATE. 0.0 QS 
AltEA. 21 ERR- 42.82 

K-40 AT 14b0.8 UEV = 0.16758E-03 UCI 
1-131 AT 1437.4 REV O.SZ142E-@2 OCI 

ROlU 10 FRO1 1759.1 UEV 10 1743.7 IEV 
?EAWAT1743.1 IN FVIUlr @ . O w n  
INTEIRAL= 9 RATE. 0.0 CPS 
AMb 9 E l b  33.3: 



C)IAIitEL 8 DATA 



110 no. 125 RIHL-CANBERRA-FH DAMER PIBE 1 
AOCl 1 LIVE 1IllE . 9987 TRUE TIllE . 1OOW 14 rYn 84 21135 
COLLECTED A l r  0511514b.7 14 M 84 

EMERBY(MEV). 0.1704OC-07 *CW7 4 0.54313EW *CW *0.41837EOl 
PEAK 8 T A l I l T I C l ~  1.00 M I I  U1DT)C b MAX UIDTH* 0 ' 

AREA 1ACKDROUID. 3 ZUROR. 1 .OO . . 
. '. 

110 I 8  MIIDOM. 3.0 MEV I 1 0  ID  LIDRUI. 1 
AOE (DAYS). 0.14177E00 A I 

ROI8 1 FROM 73.0 REV TO 79.5 KEU . ' -  
1 

, '  . 
?EM: A1 71.5 REV FUM. 1.4 KEV .. . 
IITEERAL- 714 RATE. 0.0 CPS .. . 
AREA. 111 ERW 25.n 

)I-207 AT 75.0 KEU 0.UUIE-04 UCl 

. . R O I l  2 FRON 09.8 MEV TO 96.3 MEV 
?CAW A1 92.3 LEV FMWb 1.1 KEV 
IITEERM- 541 RATE. 0.0 CP8 

4 

AREA. 14 ERA- 45.31 

ROI8 3 FROM 136.0 MEV 10 141.5 MEV 
?EM AT 144.8 #tl T W ) .  1.5 KEV 
INTEIRM- 700 ~ b n .  0.0 c n  
A m  , 0 E m -  0.0: 

R o l l  4 FROM 177.1 KEU 10 119.1 K N  
?UK A1 181.7 KEV F W  2.0 KEU 
IUTEMM- bST RAnm 0.0 0 8  
USA. I 1  Em- >>>>I 

U-235 A1 185.7 KEU 0.1TlllE-05 PC1 

R o l l  S FRO# 134.8 KEV TO 242.4 1 V  
p t m  2a. r  KEV ruwr 1.4 r tu 
IITEMM. 134 RhK. 0.0 0 8  
AREA. 244 E W  1b.Z 

ROIU tm nr .9  ar 18  2n.4 #r 
?EM AT 299.4 KEU F W  2.1 KEY ' 

INTEMY- 237 RLR. 0.0 e n  
Mu. 114 E W  2e.11 

ROIU I FRO@ 1a.1 MEV TO as .0  mu 
KAK A1 111.1 KCV F U I -  1.7 MU 



R o l l  8 FROM 348.9 MEW TO 356.0 KEV 
PEAK A T  352.1 KEY r w -  I .7 rru 
IMTEORAL= 327 RITE= 0.0 CP8 
AREI= 215 ERRS 11.11 

PB-214 AT 351.9 IN . 0.42197E-01 UCI 

R o l l  7 FROM 503.7 KEV TO 517.8 MEW 
PEAK AT 510.9 MEV Fl)(ll= 3.3 KEV 
IMTE8RIL- 2W RITE= 0.4 CPB 
AREA- 142 ERR= 19.02 

MI-22 AT 511.0 KEV - 0.OE00 UCI 
CO-Sb AT 511.0 IN -  0.0E00 W 1  
CO-30 AT 511.0 MEW O.OE04 UC 1 

ROII 10 FROM sn.8 rEv TO ~07.4 r t v  
PEIM AT 583.3 REV F W  1.4 REV 
117E8RIL. 151 RITE- 0.0 CPS 
ARE A- 91 ERR. 18.42 

R O I I  11 FROM bOb.4 REV TO 612.9 MEW 
PEM AT 609.4 REV CUM- 2.1 MEW 
II)TE8RM= 190 RATE. 0.0 CPB 
AREA. 138 ERR= 12.32 

XE-13s AT 608.2 REV . 0.219IlE42 UCI 
D1-214 AT bW.3 IN . 0.3410IM MCI 

R01B 12 FROM bW.7 KEV TO (48.8 KEV 
PEAK AT U2.4 KEV FYlYC 1.3 K N  
lMTLBRIL= 132 . I O.@ CPI 
AIILA- S1 Ellt. 43.12 . . 

CS-117 AT U1.4 IQI. 0.214Sf144 UCI 

ROII 13 FROB 711.8 uv m . 9  rtv 
PEMAT 7ll.SIQI FMI(. 2 .9KN 
INTLI IL-  113 RATE. @.@ CPI 
MEA. u EIR. 4 l . n  

ZR-TS I T  724.2 KEV . 0.284UE-04 UCI : 
88-124 AT 722.8 K N  O.llUH-@3 ICI 
1-131 AT 722.9 l(N. 0.U74lE43 El 

R O I l  14 FltOll 901.3 MEV TO 917.1 K N  
PEAK AT 91@.9 KEV FW. 3.0 I(N 
Inf  @RU. 101 RASE. 0.a em . 
A I C  57 Em 31-31 

~ 0 1 8  13 FRW~ 942.7 uv 18 9n.2 w . , 
PEAK AT 948.9 #V F U k  1.0 IN 
1m1w 84 RATE. 0.0 CW 
MA. 10 ERR. 42.12 

R o l l  14 F M  1114.4 MEV 10 1122.4 REV 
r r u r t c 1 t r . 7 ~ ~ ~  rwm 4.1wru 
I I T E W .  40 R IR-  0.0 C?8 . 
AUA. 34 EIR. 27.n . . 

11-182 A 1  1121.3 KEV . 0.37411E-@4 PC1 
L ' Dl-214 AT 1120.3 KEV @.44UHM ,UCI ' ' - .  



R O I I  17 CROII 14Sl.l WEV 10 1445.2 KEV 
TEAK A1 1440.5 KEV C U Y l  4.3 KEV 
lM1EBRAL. 277 RATE. 4.0 C H  
AREA- 297 ERW 5-72 

1-40 A1 1440.0 REV 0.214T4E-02 UCI 
1-13s At  1457.4 KEV 0.43lTlE42 UCI 

ROIO 11 CROII 1757.0 WEI 10 1740.4 KEV 
PEAK A1 1741.0 KEV f U W  2.0 REV 
111EORhlm 14 RITE. 0.0 CPt 
AREA- 14 ERR- 14.42 





UC IAVIS SAWLE I97 SURFACE IAWLE LOCATIOW 812)OOS PEW8) #/2/14 LEHR 

TAO 10. l 123 RIHL-CANBERRA-FH IA-, PAM 1 
A D C l  1 LIVE TINE m loo@ TRUE TIM ( l q 1 4 A U 0 0 4  22115 
COLLCCTEB AT: 21 1SSsl4.l 14 AUO 14 

ENEROI(KEV)m 0.2704OE-07 rCH-2 + 0.S4313EOO *CH *0.41037E@1 
PEAK ETATISTICS- 1.00 ) I I W  Y1DT)C 4 MAX YIlTn- 0 
AREA 1ACKOROUIl- 3 XERR)l)r 1 .OO . 
IS0 I1 MINlOY- 1.0 KEV 180 ID LllRLLRY* 1 
A U  O A l O ~  O.OZ¶OOE@O TABLE 1 ,. . 

R O I ~  I FROM 73.0 KEV TO n.s KEU 
PEAK AT 74.7 KEV F W *  1.4 KEV , \  

IITEORAL- 63 RATE- O.@ CP8 
ARU.  I 1  E l .  >>>>x * .  

R O I I  2 FROM 0t.lKEY TO 94.3KfV . 8 : .  

PEAK AT >>)>>> ntv ruwn* 104.2 KEV '; " 

INTEIRAL- 51 RATE- 0.0CP8 
ARIA-  0 EM* 0.OX 

R O I l  1 FRW 134.0 KEV TO 1M.S #V 
nrr AT 1a.s REV FM(. 2.2 KEV 
IllfORhL* S3 RATE* 0.0 C?I 
AMe 29 ERR. 41.31 

C1-57 AT 134.5 KEU 0.m34E43 =I 

R O Z I  4 FROM 177.3 KEV 10 lW.0 KEV 
PEAK AT >>>>>> UEV FUYI* 170.a I(N 
1R7f OR&* 41 RLTL- 0.0 CP8 
AM&* 0 ERR. O.OX 

ROI8 5 FRM 234.1 REV 10 242.4 KEV 
rEr r  A T  2n.o REV FW 1.7 KEV 
117EOR&* 37 Rll'fm 0.0 V I  
AREA. -- -. - -- .-- 22 Em= 34.ax . .  . 

ROI8 6 FROll 291.9 KEV 70 2W.4 #V 
PW AT m.2 KEU FW 0.7 KW 
INTEsUL* 11 RATS. 0.0 W8 
w1..  15 ERR. 24.U 

PB-214 AT M e 2  KEU 0.34114El@ UCI 

ROI8 7 FIOll 134.2 KEV 70 343.1 #V 
PEW AT 314.e KtV F W  2.4 llfY 
1 WTEORM* 23 RhTS* 0.0 Cn 
MEW 23 Em= 17.31 

R O I l  I FRO# 140.9 lEV 10 SU.0 #V 
?EM AT 352.4 KEU FV)(IIm 1.2 #V 
IIRORAL* 24 RAT€- 0.0 W8 
A R U m  24 Ell). 19.22 

PB-214 AT JII.9 KEU 0.3141HO UCI 



RO18 T FRO# 501.7 KEY 10 517.8 KEY 
PEAK A t  1111.7 REV FUMw 2.7 IEV 
IMtEfRAL= 21 RATE. 0.0 CPB 
AREA- 21 ERR= 17.32 

MA-22 A 1  1111.0 IN O.OLOO UCI 
CO-51 A 1  1111.0 REV O . a @ O  UCl 
CO-58 A 1  511.0 IEV O.SW UCl 
8R-85 A t  514.0 REV 0.7147lE-04 UCI 

ROI8 10 FROl 1177.8 IEV 10 5W.4 KEY 
PEAK A 1  583.1 IEV FY(OI- 1.5 REV 
IMtE8RM= 14 RATE= 0.0 CPB 
AREA. 14 ERR- 25.02 

KR-89 A t  1185.8 KEY 0.40J14E34 UCI 

ROI8 11 FROM 101.4 REV 10 412.7 IEV 
PLMI AT >>>>>> KEV FW roo.1 In, 
I I1LBRLI.m 15 RAlE. 0.0 Cfl 
AREL= 15 ERR- 24.42 

ROI8 12 FROl 154.7 KEV TO 4U.8 (QI 
PLAN A t  >>>>>> REV FUUI- 0.8 IEV 
IMlEBRAL= 4 RLlE. 0.0 CPB 
AREA- 4 ERR- 50.02 

R018 11 F M  718.8 KfV 10 732.7 #I 
PLLI AT >>>>>> IEV F U I .  0.8 IN 
IMTEIIUL~ I 1  UTE. 0.0 U B  
AREA= 11 ERR= W.22 

ROlI 14 FRO# 101.5 IEV 18 917.1 IEV 
PEM AT 911.7 KEV F U I .  1.3 I(N 
~nteau= 11 R A R ~  8.0 cm 
MI. 13 ERR- 23.02 

RBI) IS FM 112.7 KEV 10 973.2 IQV 
PEM A 1  745.4 IEV FVII(= 0.11 REV 
1IlL8RU= I RATE= 0.OCls. 
M A =  8 ERR- 37.52 ' , 

RO18 14 FROM 1114.4 REV TO 1122.4 K V  
PUN A1 >>>>>> I C V  F U I .  1110.3 IN 
IHl f8ML= 4 RATE= 0.0 em 
A R f C  4 ERR- 33.D 

K-40 AT 1440.8 IN rn OelS93bfd2 UCI 
1 - 1 3  AT 1457.4 Ulr) rn 0 . 1 W l l I d l  MI 

ROI8 18 FROM in7.o  l a v  TO t7u.4 w c u  
PfUI AT >>>>>> KEV MYC 0.8 lttt 
IHlf8RM. 1 RATE- 0.0 CP8 
Mn- 1 Em- >>>>I 



UC DAVIS SAI(Pl.E I 98 SURFACE SAMPLE LDCATIOW a15 (WE CORNER) 8/2/84 LEM 

TAO 10. • 123 RIHL-CANBERRA-FW BADOER PAOE I 
ADCl I LIVE TINE 1998 TRUE TIME 2000 14 cYII 84 22859 
COLLECTED 611 22124101.T 14 AUO 84 

ENEROY(KEV)m 0.27048E-07 *CW-2 + 0.54515E00 *CH +0.4l837EOl 
PEAK STATISllC8= 1.00 UIDTH~ 4 MAX UIDTM. 8 
AREA BACKBROUWD= 3 ZERROR* 1.00 
IS0 18 UIIBOYm 3.0 KEV 180 ID LIDRrUI* 1 
A6E (DAYB)= 0.W177E00 TABLE 1 

ROII 1 FROR 73.0 KEV TO 79.5 REV 
PEAK AT n . 4  KEY FW- 3.7 KEV 
IITEORMm 154 RATE. 0.0 U 8  
AREA. 37 ERR= 54.01 

M0-203 AT 72.9 KEV l 0.41237E-03 UCI 
D1-297 AT 72.8 KEV 0.11927E-03 UCI 

R o l l  2 FROM 89.0 REV 10 94.3 KEV 
PEAK AT 92.5 KEY FUW* 0.8 KEV 
I WTEORALm 99 RATE. 0.0 CP8 
AREA. 21 ERW 74.11 

ROIl 3 FROM 151.0 NEW 10 148.5 KEV 
PEAK AT )>>>>> NEY F W -  129.4 KEV 
IITEORMm 108 RATE. 0 . 0 U 8  
(USA* 12 ERR* )>>>I 

ROIl 4 FRO4 177.3 REV TO 109.8 KEV 
?EM AT >>>>>> REV F W  170.8 KEV 
INTEORMm 108 RATE* 0.0 0 8  
AU1. 0 ERR= 0.01 

R o l l  5 FRM 234.8 KEV 70 242.4 KEV 
PEAK AT 239.1 NEV F W m  0.9 KEU 
111€0RM* 132 RATE= 0.0 cm 
AREA- 72 ERm 22.21 

PD-214 AT 241.9 KEV m 0.4979SEll UCI 

R01D 4 FROM 291.9 KEV 70 298.4 KEV 
P l M  AT 2t5.7 KEV FUW. 1 .B UEV 
IrnSMM. 15 RATE. 0.0 U 8  

t i   am u.a 

PD-214 AT M . 2  UEV m 0.U15110 MC1 

R O I ~  7 FROM 1a4.2 m rr 1u.s En 
?EM AT 130.1 KEV F W b  1.4 M 
I i l l t s U L m  34 RATE- OeOC?S 
ham= 14 Elll. S1.n 

R o l l  0 CROW 140.9 KEV 70 lS1.0 KEV 
PEAK AT 152.2 KEV F W b  1.0 KEU 
IMTIO~LL* 40 RATE- 0.0 cm 
AREA. 44 E l m  lT.¶X 



RO1U t FROl 503.7 WEV TO 517.B WEV 
PEAI AT 511.4 NEW F U W  1.4 IEU 
IWTEBRIL- 44 RATE. 0.0 CPB 
AREb 37 ERR. 35.11 

ah-22 A T  511.0 IN O.OE@O PC I 
C#-31 AT 511.0 IN O.OE@O OCI 
CO-3U A T  311.0 IEV O.OE80 UCI 
81)-B5 AT 514.0 IEV a.3T171-04 UCI 

ROIU 10 fROll 571.B NEV TO 5B7.4 WLV 
PEAI AT 583.2 NEW fW- 1.0 K N  
IIITLOIUL- 27 RITE. 0.0 WB 
AREA* 12 ERR. 44.41 

NU-89 AT 5U5.8 KEW - a.7113107 UCI 

ROIU 11 FROM 404.4 N N  TO 412.1 K N  
PEAK AT 4OT.B KEV F U W  0.1 KEU 
IWTEMM- n RITE. 0.0 cm 
A I U .  33 EIl. 17.11 

XE-133 AT 408.2 UEV rn 0.94277E-01 UCI 
81-214 A1 4OT.J UEV rn 0.717WflS UCI 

ROIU 12 FROl 134.7 REV TO 4M.B KEV 
PEAK AT 441.1 WtV F W -  2.3 IN 
INTEORIL= 31 RAS. 0.0 WB 
AREA. 31 ERR. 14.11 

ROIU H FRW 101.3 REV 10 117.1 KEV 
PEAKAT Tl1.1KEV F U I .  1.4UEU 
INTEOIK- 27 R A ~  a.@ cm 
-1. 27 ERC 18.51 



ROII 1s rRon 962.7 WEV TO 973.2 REV 
PLAN A 1  >>>>)) UEV FW). 103.1 IN 
ll1EsRlU- 18 RATE- 0.0 CP8 
AREA- 18 ERR- 22.21 

R o l l  14 FRO# 1116.4 REV 10 1122.4 NEV 
PEAK41 111T.7WEV F W -  O.3KEV 
I l l E  WlU- 14 RATE- 0.0 W 8  
AREA- 14 ERR- 21.41 

14-112 A1 1121.3 KEV 0.11217E-03 UCI 
Dl-214 AT 1120.3 REV 6.1140#16 UC1 

R o l l  17 FRW 1433.8 I E V  18 1445.2 WEV 
PEAK AT 1461.1 IEV F W  4.9 IN 
IlTEl(UL- 63 RATE= 0.0CP8 
AREA= 63 ERR. 12.U 

R O I ~  18 IRON 1 m . o  KEV TO itro.4 mv 
PEAK A 1  1767.3 WEV F U I -  0.1 IN 
IITEORM= 4 RLTE= 0 . 0 W l  
AREA- 4 ERR- 50.01 

XE-138 A1 1748.3 IN - 0.69461E23 UC1 
Dl-214 AT 1764.3 KEV 6 . 2 H l S l 6  OC1 



TI0 10. 123 RIHL-CANBERRA-FH MBQER PA8E 1 
ADCU 1 LIVE TIME . I997 1 R 1  1 1 1  2000 13 MI( 84 01824 
COLLECIEB A l l  00812107.S 13 IUO 84 

EMEROY(KEV)- 6.2704Q-07 rCY'2 * 0.S4313EOQ r C I  *0.41U7fOl 
PEIK 81ATI8lICS. 1 .OO M l W  YIDIW 4 M X  UIBlH. 8 
AREA BACKOROUNB- 3 2tRROR- 1 .OO 
150 1D VIIBOY= 3.0 KEV ID0 ID  LIBRAIY- 1 
AOE OAY8)- 0.91701E00 l A K E  1 

R O I U  1 FROM 73.0 KEV 10 7V.S KEY 
rwu A T  77.0 KEV CUT= 2.0 IEV 
lIlE8RAL. 138 RITE. 0.0 CP8 
AREA. 47 ERR- 38.22 

ROIl 2 FRMl 89.8 KEV 10 96.3 KEY 
?EAR A T  93.2 KEQ FUT- 0.9 IN 
lNlE8RALm 88 RATE. 0.0 C?8 
AREA- 10 ERR- ))>>I 

ROI8 3 FROM 234.8 KEV 10 242.4 KEV 
?EM AT 238.9 KEQ FUT- 1.4 KEV 
l I I E W =  101 RITE. 0.0 CP8 
A m -  sd Em- 21.0: 

ROI8 4 FW 291.9 IEV TO 2W.4 REV 
?EM AT 295.4 REV F W -  2.8 IN 
lWTEBIM= 38 RATE- 0.0 C f l  
AREA- 25 EIO. 32.02 

~ B - Z I ~  AT zn.2 KEV o. i i rxcz ucr 

ROI8 S f W l  134.1 KEV 10 343.1 KIV 
' PEAK AT 138.4 KEV fUlW 1.4 KEV 

INTLORIL. 12 RATE. 0.B C f l  
ARE&- U E l m  29.41 

ROI8 4 fW 148.9 IQ1 10 3S.0 IQ1 
PEAKAT 152.2KV fWlC 1 .3KN 
IRTfQIL-  34 RATE- 0.0 C f l  
M(C 40 E m  22.51 

PD-214 (IT 151.9 KfV ~ . l l 5 1 l f 1 2  OCI 

a018 7 rmr sa.7 KEV t o  so.# nr 
M M A l  S11.3KCV fUlr 1.4KEU 
I I lE IUL.  13 RlTf. 0.0 m 
ARE& I 3  ERR- 1S.11 

1 - 2 2  AT 111.0 IN 0.MW UCI 
CO-S1 A1 111.0 1 t V  . b.#W =I 



R o l l  b FRON 348.9 R E V 0  ls4.0 KEV 
PEAK AI 1~2.2 s-v FY~YC 1.3 KW 
IITEORIL. 54 RATE. 0.0 CPS 
AREA. 40 ERR* 22.51 

PB-214 AT 351.1 KEI  0.13SllEl2 UCI 

RO18 7 FRON 503.7 KEI  1 0  517.8 KEV 
P f M A T  511.3KEI  FU*). 1.4KEV 
IH1EORM~ I 3  RATE. 0.0 C?I 
AREA. 11 ERR. 15.11 

2 A T  511.0 KEV O.OEOO UCI 
CO-Sb AT 111.0 KEV 0.0EOO UC I 
CO-58 AT 111.0 REV O.OE@O UC1 
BR-83 AT 514.0 REV * 0.S2844E-04 Y C I  

RBI8 8 FROM 579.8 K E I  TO 307.4 KEV 
PEAK AT 583.2 KEV FUM* 2.0 K N  
IITEBRAL- 1S RLTE. 0.0 CH 
AREA* 2S ERR- 20.01 

RO18 9 FROM (04.4 K E I  TO (12.9 KEV 
PEAK AT (09.4 KEV F U W  2.3 IN 
I l l f  ORrK* 40  RATE. 0.0CP8 
MU- . 40 E IR .  lS.01 

XE-133 AT bW.2 KEV - 0 . l 2 U I E 3 1  UCI 
11-214 AT 601.3 KEV 0.37828El7 UCI 

R o l l  10 FROM 111b.4 WEI TO 1122.4 KEV 
PEAK LT >>>>>> K E I  CUM* 0.I KEV 
INTEOR(K* 10 RhIE. 0.0 UI 
AREA- 10 ERR. 30.01 

R018 11 FROR 1433.8 KEI  TO 144S.2 KEV 
P W A I  144I.lWEV F W W  4.1 REV 
IITEBIY~ 4s RATE* 0.0 c n  
MA= u E- 1 z . a  

A018 12 FRON 1737.0 MEI TO 17U.4 KEV 
PEAK A1 17U.2 KEV F W .  0.3 KEV 



UC DAVIS S H E  I 100 SURFACE 8 H E  LOCATIOM ) I 5  ( N W  8 W )  8/2/84 LEWR 

TAO NO. 123 RIHL-CANBERRA-FH BABOER PAIL 1 
ADCI 1 LIVE TlHE 1797 TRUE TIME 2000 I S  MI8 84 02110 
COLLECTEB AT1 01 139137.7 I S  AU8 84 

EWEROY(KEV)- 0.2704s-07 rCY'2 4 0.14313E00 *CW *0.41837E01 
PEAK 8TATlI l lC8. 1.06 M1I UlDlY- 4 MAX UIBW. 8 
AREA BACKSROUWB= 3 IERMn- 1.00 
IS0 I D  UINDOU* 3.0 KEI  180 I D  LIBRARY- 1 
AOE OAYB)= 0.7778E00 TABLE 1 

ROl I  1 FROM 73.0 KEV TO 77.5 KEV 
PEAK AT 77.2 KEV F W =  0.5 UEV 
INTEORAL- 122 RATE. 0.0 CP8 
AREA* 31 ERR- 54.@1 

B1-207 AT 75.0 KEV O.Sb744E-04 UCI 

ROl I  2 FROM 87.8 KEI  TO 96.3 KEV 
PEAK AT 73.0 UEY FYlN= 2.5 KEV 
IITEORAL= 74 RATE* 0.0 C H  
AREA- 35 ERR= 34.22 

ROl I  3 FROM 234.8 UEI  TO 242.4 KEV 
PEAK AT 237.1 UEV FUQ- 0.8 KEV 
IHTEORM. 11 RATE. 0.0 CP1 
AREA. 47 ERR. n.n 

PB-214 AT 241.7 KEV 0.51011E11. UC1 

R o l l  4 FROM 271 .7 UEV TO 276.4 UEV 
PEAK AT 2 . 7  E F 1.0 KEV 
IMTEQRAL= 34 RATE= 0.0 CP1 
ARU. 10 E I R .  90.01 

PB-214 AT 273.2 KEI  0.48471El2 UCl 

R o l l  S FROM 334.2 KEI  1 0  341.5 KCV 
PEAK AT 337.2 KEV F W =  0.7 KEV 
I # T E M Y =  34 RATli- 0.0 01 
~ u -  14 ERR- s 4 . n  

C b l M  AT 140.4 REU 0.2974M-04 Ul 

ROl8 b FROM 1U.7 K N  TO 3S4.O KEU 
P U I  AT 331.7 K E I  FUYI. 1.2 REV 
I I (1EMu- 1 0  UTE. 0.0 CP1 
Mu- I 4  E w  41 .n  



R o l l  7 FROM 503.7 KEV 10 517.8 IEV 
PEAI AT 311 .O REV FUMM 2.4 REV 
IMIEIRAL- 40 RhIE- 0.0 CPS 
IMhm 40 ERR. 15.01 

Nh-22 AT 511.0 KEV O.OEOO Vt 1 
CO-Sb A1 511.0KEV- O.OEOO UCI 
CO-Sl A1 511.0 K N  8 O.OEOO UC1 

ROIl 0 FRO(( 579.9 KEV TO 587.4 IEV 
PEAK AT 583.4 NEV C U M -  1.1 KEU 
IMlEBRM. 19 RATE. 0 . 0 W  
IREb- 1 1  ERR- 21.01 

KR-81 A1 SIS.9 KEV 8 0.345)8€-21 El 

ROIl 9 FROB (04.4 UEV 10 bl2.9 KEV 
TEAK A1 409.4 NEV FWM. 1.9 KEV 
I I ILBRM- 11 RAIL- 0.0 CP8 
ARE&- 10 ERR= a.n 

XE-133 AT bW.2 KEV 8 O.4Z47L-02 UCI 
D1-214 A1 609.3 KEV O.33ISX18 UCI 

R o l l  10 CROl 450.9 WEV 10 b72.4 KEV 
PEAK AT 442.2 NEV FUMm 2.0 KEV 
I l lEORY-  SO RITE- 0.0 CI8 
ML1. S O L -  14.01 

C8-117 A1 b41 .4 KEV 8 0.18WVE-83 lC1 

ROIl 11 F110(1 1114.4 KfV TO 1122.4 KEV 
P t M  41 >>>>>> KfV F U W  1110.3 REV 
lillE0RM. 4 RMt. 0.0 CPI 
ha&@- 4 ERR- 58.81 

ROIl 12 FROR 1451.8 KEV 10 144S.2 NEV 
PEAK 41 1441.S KEV F U W  3.3 KEV 
IIIEOUL. ZS RbR- 0.0 W1 
ARE(. 33 Em- 17.12 



UC DAVIO BrUIPLE 1101 SURFACE SAIVLE 114 (WEAR FRONT OAT€) LEHR 

TAO 10. • 123 RIHL-CAMBERRA-CH MWlER PAM 1 
ADCB 1 LIVE TIME 1111 TRUE TIME - 1OOO 15 AW 04 05104 
COLLECTEB AT1 04131108.2 15 AUO 04 

EWERQY[KEV)- 0.1704OE-07 eCN'2 + 0.54313E00 *CW +0.4lOJ7EOl 
PEAK STATI#lIC#. 1.00 RIM YIDTIW 4 MAX YIBT)). 0 
AREA BACKORQUNI- 3 ZERROII* 1 .OO 
lSO1DYIWDOY* 3.0WEV I80 18 LIDRAW- 1 
ABE (DAY#)* 0.11149E01 I A U E  I 

ROIB 1 FROM 73.0 REV TO 79.5 REV 
PEAK AT 74.1 WEV F W .  1.4 IEU 
INTEORAL- 114 RATE. 0.0 CPS 
AREA* 34 ERR- 44.41 

81-207 AT 75.0 KEY - 0.4bl21E-04 UCI 

ROIB 2 FROl 01.0 KEY TO 94.3 KEV 
PEAK A1 94.0 KEY FYHW 1.0 REV 
INlEORAL- 74 RATE. 0.0 CIS 
AREA* 22 ERR. 51.01 

ROIB 3 FROI 234.0 KEY TO 242.4 nEr 
r u n  238.7 KEV FUW- 2.2 KEY 
INTIORAL- 04 RATE. 0.0 CIB 
AREA- 41 ERltr 34.11 

ROIB 4 FROM 271.1 KEV TO 298.4 WEV 
PEIW I T  2T5.7 KEV F W  1.3 KEY 
INTEORM- 34 RITE* 0.0 CPS 
AREA* 10 ERR. 90.OX 

ROIB S FROM 334.2 KEY 1 0  343.5 KEY 
P E M  AT 339.1 REV F W  1 .S KEI 
IMTEORAL* 29 RITE* 0.0 Ql 
AREA* 29 ERltr 17.21 

PB-214 AT 351.9 IN 0.574JW14 UCI 

R01B 7 F m  503.7 KLI TO 517.0 REV 
PEAK AT 311.7 KEI  FUY-  1.1 IN 
ICIE8RM- 35 RhlE* 0.0 CPl 
A I A *  35 1- 17.11 



R O I I  7 FRO1 S03.7NEV 10 Yl7.ONEV 
PEAK A T  511.7 REV fWM= 1.1 REV 
1MnORM- 3S RATE* 0.0 W I  
AREA= I S  ERllr 17.11 

MA-22 AT 511.0 KEV n O.OE00 UCI 
CO-36 AT 51 1.0 NEW O.OEOO UCI 
CO-SO AT 511.0 KEV l 0.0fOO CI 
9 1 4 5  AT S14.O NEV O.UOITE44 UCI 

ROIO O FR01 S7T.B NEV 10 S87.4 NEW 
r E w  11 ~04.1 KEV FYW 1.4 KEV 
lYlEORM= 24 RATE* 0.0 CPB 
AREA- 9 ERR- 77.n 

R O I O  T FROM 604.4 NEV TO 612.9 NEW 
PFAN A 1  469.4 KEV FUI). 2.3 KfV 
1MTFORAL~ 23 RARa 0.0 CPI 
AREA. 23 ERR- 20.01 

XE-1x5 A1 601.2 KEU 0.16941-61 UCI 
81-214 A1 601.3 REV O.lM2IL11 UCI 

ROIO t o  FROM 4~0.9 KEU TO 472.4 KEU 
PEAK AT 641.1 REV F W -  2.0 K1V 
1ITEsl)AL- 33 RAR* 0.0 UI 
AM&* I3 E m  13.21 

ROlO 11 FROM 1114.4 NEW 10 1122.4 KEV 
nrw rt i 120.0 REV fmc 0.5 rEu 
I m O R M -  4 RATE* 0.0 CPI 
AltA* 4 ER- 50.01 

ROlO 12 fWIl 14Q.8 REV TO 144S.2 KEV 
nur rr t rM.1 rtu ~ m c  r .r mr 
1WEsl)M- 40 A 0.0 Crs 
AIU. 40 E m  13.01 



UC M V l S  b M K E  8182 SURFICE M E  8 17 (FIELD MAIM W) 8/1/84 LEHR 

1 I6  WO. 123 RIM-CIWDERRI-FM MUJER P I  1 
A D C l  1 LIVE TIME . 1998 TRUE TIME 0 IS  W 84 05149 
COLLECTED I T 1  OSttbt20.8 IS IU8 84 

EIEROY f UEV)= 0.2704Y-07 *W'2 4 0.S4313EOO *CI 40.41837E01 
PEIK ITITl8l lC1. 1.00 HIM U l B l b  4 MIX UIDIH. I 
ARE4 DICKOROUID. 3 PMOR= 1 .OO 
IS0 1P UIIDOU= 3.0 KEV 110 ID  LlDRhRV. 1 
AOE (DAY#). 0.11481E01 ThLE 1 

R O I ~  i FRM 73.0 KN TO 77.5 KEY 
PEAK I T  71.2 HEY fWYCl 0.8 IN 
IITEORIL= 112 RITE. 0.0 CPI 
AREI. 14 Ell). 47.01 

ROI8 2 FROM 89.8 KEV TO 94.3 KEV 
I T  91.OKEV f W  O.7IEV 
IMTE~W= 70 rrn. o . o o a  
AIEh. 31 Ell). 38.71 

R o l l  3 TRM 234.8 REV 10 242.4 KEV 
?EM I T  * 138.9 KEV FW.  1.3 KEY 
IITEslUL. 78 RME. 0.0CW 
UEI= 18 ERR= n.or 

R o l l  4 FRM 291.1 REV TO 2W.4 KLV 
?EM I T  >>>>>> KEV FWYCl 2US.4 KEY 
Illt01115= 31 RITE= 0.0 CW 
IRLI. S ERR- >>>>I 

ROI8 S FRO# 134.2 IEV TO 1U.S Im 
PEhI & I  339.4 MfV fUI. 4.4 IN 
IMEORhL. 34 RhTE. 1.0 C?8 
IREI. 18 ERR- SO.02 

?a-214 hT lS1.T KEV 8 0.2b432flS UCI 



ROI8 7 FROM S03.7 UEV TO 317.0 REV 
?EM AT 301.1 KEV FYYC 1.2 KEV 
I ITEIRM= 42 RATE. 0.0 CW 
UU. 42 ERR= 14.n 

11-22 r~ ~11.0 KEV = 0 . ~ 0 0  UCI 
c o d 4  AT ~11.0 r n  = 0 . ~ 0 0  PCI 
CO-58 AT S1l.O IN = O.OE00 W 1  

R O I ~  e FROU sn.0 REV TO 507.4 UEV 
?EM AT $01.0 KEV T W  0.5 KEU 
IITEDR~= 22 RITE. 0.0 c n  
AREA. 22 ERR. 18.1X 

KR-81 AT Sa.0 UEV @.lS8TSEW LEI 

ROIl 9 FROM 404.4 REV T I  612.1 REV 
?UI AT blO.O KEV FW. 0.1 REV 
INTLIML= 24 RITE. 0.0 ns 
AREI. 13 ERR. 53.11 

XE-135 AT 400.2 UEV . @.4041#E-@2 LEI 
)I-214 AT bH.5 KEV @.41043E21 UCI 

R O I ~  10 FROII 630.1 REV TO 472.4 aEv 
?EM AT 662.0 KEV F W  1.2 KEU 
IITEBRM= 40 RATE. 0.0 CPS 
AREA= 40 E m  13.0X 

21-43 AT 1115.5 K N  0.41047E-@4 MCI 
111-l#2 AT 1121.3 REV @.72234E-W =I 
11-214 I T  1120.5 IN. 0.1704Etf PC1 

ROI8 12 FROl 1453.0 #V TO 14U.2 KtV 
PEIK 111 1444.5 REV T W *  4.1 I(N 
INTLWL. a R11tL. 0.e a 0  
MI& # E m  14.U 





UC I A V l S  S M n E  1103 SURFACE M E  L O U l l Q (  I 1 8  ( M a  C41) 8/2/84 L E M  

EIERBYo(EV)~ 0.2704E-07 *CIa2 t 0.S43IWM OCU +0.41837EOl 
PEAK 8TATI8lIC8m 1.00 111 M I I l t b  4 MY M l l l H =  8 
AREA DACK8ROUMl- 3 2ERM#- 1 .OO 
IS0 I D  MI11OU- 3.0 KEI  180 I D  L I B R M l -  1 
AOE O A Y O -  0.11147EOI TAUE 1 

ROII 1 FROM 73.0 KEV t o  79.3 av 
PEAW AT 74.3 REV F W -  2.0 KEY 
I ITEBRAL- I 3 8  RATE* 0.0 CP8 
AREA* 47 ERR. 3 c . n  

R o l l  2 FRO# W.8 IN 1 0  14.3 IN 
P E M  47 12.9 wLV F W -  1 - 3  IN 
IITE8RAL- 88 RAVE. 0.0 01 
AlEh- 23 ERR. 6S.n 

R o l l  3 FRWI 121.3 I E I  TO IJI.2 W1 
P E M  AT 130.3 REV FUW.  1 .I IN 
II~EORU- 74 RATE- 0.0 c n  
Mar- a ERR= >>>>a 

CU-211 AT 12T.0 KEI  = @.MOO UCI 

R o l l  4 FllOll 234.8 KLV 1 0  242.4 KEV 
PEAU rt m.4 mv FW I .o nv 
IITEORIL- 103 RAIE* 0.0 U S  
a h -  4 s  ERR= 3 s . n  



R o l l  d FRO# SO0.I UEV TO 514.7 KEV 
PEAK A 1  SIa.2 KEV F U M -  0.4 UEV 
1ITE@RAL- 4 1  RATE. 0.0 C I 8  
ARU. 1 4  ERR- 37.52 

HA-22 AT Sl1.O IN 0.Of00 UC1 
CO-S4 A 1  Sl1.O IN O . M W  U C I  
CO-3( A 1  Sl1.O REV O.OEOO U C I  

ROIU 7 FRON sn.1 REV TO sw.4 UEV 
PEAK A 1  581.2 REV F W  1.4 K N  
IITEORAL. 37 RATE. 0.0 C I S  
AREA. 17 ERR- 14.22 

KR-09 A 1  SOS.0 UEV O . l l 2 T l O 7  U C I  

ROIU 4 FROM 401.4 KEV TO 412.9 REV 
P U U  A 1  401.4 KEV F W -  1.S IN 
I I T E @ R M -  2 7  RATE. 0.0 C W  
M A -  2 7  ERR- 10.SX 

ROIU 1 0  FROM 14Sb.O UEV TO 14b4.7 KEV 
? E M  AT 1 4 4 1  .S IfEV FUI). 1.S IN 
II(TE@lUL- 4 3  RATE. 0.0 WS 
ARM. 4 3  ERR- 1 2 . 4  



UC DAVIB SAWLE 1104 SURFACE B M n E  LOUTIOM 019 (M FIELD DRAIN SUM?) 8/2/84 LEM 

1146 110. • 123 RIHL-CANI€RRA-FN M I Q R  ?ME 1 
ADCI 1 LIVE T I E  m 1990 TRUE T I M  . 2081 15 hW 04 07140 
COLLECTED 1411 07807822.3 13 AUO 04 

EMEROI~WEV). o .z704at-07 ~CI-2 + 0 . ~ 4 a i x o o  mcn + o . r 1 o m 8 i  
PEAK BTATISTICS. 1.00 111 YIDTW 6 W Y I I W  8 
AREA BACIOROUIBm 3 ZRRORm 1.eO 
IS0 I D  MIIDOM. 3.0 KEV 180 11  L I M I I I I -  1 
AOE (DA10. 0.11254EO1 TABLE I 

R O I ~  I FROI 73.0 REV TO n . 5  KEV 
PEAK AT 74.4 KEV FUO- 1.4 KLV 
INTEQRAL= 91 RATE. 0.0CI8 
MtA. 13 E l& >>>>X 

Y-l@? AT 72.1 KEV 1 0.19OS3E-03 Utl 
H8-103 AT 72.9 KEU O.lbOIE-03 UCl 
Dl-107 A1 72.0 KEU 0.41t0#-04 UCI 

R O l O  2 FRM 89.1 REV TO 94.3 REV 
PEAK AT 12.4 KEV FM)C 0.7 IN 
IlTtORAL- 65 RATE. 0.8 VI 
MU. 13 ERf i  . >>>>X 

R o l l  3 FROM 234.1 KEV 10 141.4 REV 
?EM AT 238.0 KEV FWUI. I. 1 KEU 
I W ~ L ~ R Y -  n RATE. 0.0 cre 
AREA. 4S ERR= 24.42 

PB-114 AT 151.1 KEV 9 0.4044114 UCI 

11011 S F W  5OI.1 WEV TO 514.7 Kn 
fCAK A1 511.2 W1 FYHI). 0.7 KEV 
IllEORALm 33 RATE. 0.0 CPB 
Am.  10 tau= #.OX 

M-22 AT 511.OIEU. 0.OL00 UCI 
CO-S( AT S11.0 KEU . O.OEOO EI 
8 AT S1l.OKEU. O.OEM UC1 
- 1  AT 114.0 KEU 0.2UtTE-04 ICI 



R o l l  6 FROM S71.8WEVTO S11.4WEV 
?EM AT SU.1 REV F W m  1.6 K N  
INTCIRAL= 23 RATE* 0.0 c ~ r  
AREA= 23 E I C  17.31 

R01I 7 1ROR 604.4 KEV TO 612.9 KEV 
PEAK AT 601.1 REV FUU= 0.1 KEU 
INTCBIAL= 15 RATE. 0.0 C?I  
AREl. 13 ERC 24.41 

Xt-113 AT 601.2 KCV = 0.802llE-02 UCI 
11-214 AT 401.3 KEV O.27067€21 DCI 

ROII I r m  440.7 KEV TO 473.7 REV 
? E l l  AT >>>>>> REV rW= 4W.4 KEU 
IWTEIRAL= 28 RATE. 0 . 0 m  
ARC& 3 cam >>>>I 

R01I 1 Fa011 14U.O KEV TO 1464.7 KEV 
PEAKAl1461.1WEV fM((. 2.7KEV 
IITEORYm 14 RATE= 0.0 ma 
mr. 14 ERR. 14.71 



TI0 NU. 123 RIHL-CIMBERRA-FH MBOER PAOE 1 
ABCI 1 LIVE TIME 1999 TRUE TIME ZOO0 15 AIM 04 09tP4 
COLLECTEB ATt 07t44t24.S 15 IU9 94 

EMEROY fUEV)- 0.27040E-07 *CH-2 t 0.54313EOO *CM t0.41837EOl 
PEAK SlATI9TICB- 1.00 MIM UIDTH- 6 MAX IIBTH- 8 
AREA BACKOROUIB- 3 XERMR- 1.00 
ISO IB YIMBOY- 3.0 KEV I80  ID LIBRMT- 1 
AOE fDAY8). 0.12S11EOl TABLE 1 

ROII 1 FROM 73.0 REV TO 79.5 KEV 
PEAK AT 75.5 UEV FWn= 4.3 REV 
IITEORIL- 101 RATE. 0.0 CTS 
AREA- 34 ERR. 41 -41 

HO-203 AT 72.9 KEV 0.4S22bE-03 UCI 
BI-107 A T  72.9 KEV O.11599E-03 UCI 

ROII 2 FROl 09.0 UEV TO 94.3 UEV 
PEAK AT 92.4 REV FUIW 1.7 KEU 
IITEBIIAL= 79 RATE- O.@ CT8 
AREA- 27 ERW 40.1Z 

ROII 3 FROM 234.8 KEl TO 242.4 KEV 
PEAK AT 230.8 KEl F W -  2.3 REV 
IITEORILm 98 RAlE- O.@ CT8 
AREA- 43 ERR= 32.51 

ROII 4 FRO# 548.9 KEl  TO 3S1.3 KEV 
PEAK A T  551 .4 I(EV F U Y I  0.9 KEU 
IITEORIL= 33 RITE- 0.0 CP8 
AREA= 53 ERW 1S.1X 

TB-214 AT 331.9 KEl  - @.l337TEl7 UCI 

ROII s FROM $08.1 REV TO $14.7 KLI 
PEAK AT $11.3 UEl F M l r  1.7 KEU 
IllEBRAL- 42 RATE= 0.0 C H  
IREA- n ERR= w.oz 

MA-22 AT ~11.0  r n  - 8 . o ~ ~  uc I 
C8-36 AT $11.0 KEU m O.OEOO YCI 
CO-38 AT $11.0 m l @.OEM UCI 
SR-8s AT $14.0 KEl  - @.4@128E-U El 



R o l l  6 FRO1 579.8 KEV 70 581.4 KEV 
PEAK A1 $83.2 KEV F W =  2.0 KEV 
IMTEURAL= 23 RATE. 0.0 CPB 
AREA. 23 ERR. 17.31 

KR-I9 A 1  583.8 KEI . 0.1911ZEl4 UCI 

R o l l  7 FROM 604.4 KEI 10 412.9 KEV 
PEAK A1 609.5 KEV F W =  1.4 KEV 
IMIEORAL. 24 RATE. 0.0 CPB 
AREA= 24 ERR= 20.02 

XE-115 A1 408.2 KEI 0.1344E41 UCI 
11-214 A1 401.3 KEV 0.1S724E24 UCI 

R o l l  8 FROM 640.7 KEV 10 473.7 KEV 
PEAK A1 >>>>>> KEV F W l =  6S5.O KEU 
IMlEIML= 13 RATE. 0.0CTI 
AREI= 13 L R b  23.OX 

R o l l  V FRO1 1454.0 KEI 10 1444.7 KEV 
PLIK A1 1441.3 KEV F W  1.8 IEU 
IMTE8RY= 41 RITE. 0.0 CPB 
A M I =  41 L R b  14.61 

4 0  A1 14bO.8 KEV 0.14342E-02 UCI 

R o l l  10 FRO1 1759.1 KEV 10 1761.7 KEV 
PEAK A1 1761.5 KEP F W  0.7 IN 
IMlE8RY= 6 RITE. 0.0 CPB 
AREI= 4 E R b  33.32 





UC DAVIS SOIL SAMPLES -- DO0 PEMS -- SAMPLES 4,7 AMD 0 STACKED. PEAK ONLY 400- 5@0 ORAM 8AM?LES 

TAO NO. - 123 RIHL-CIIBERRA-fM BABMR PAW 1 
ADCl 1 L I V E T I M E -  9904TRUETIME. 10000 1 4 A U 0 0 4  01131 
COLLECTEB AT: 23117139.1 13 AUO 04 

EMEROY (KEV). 0.27040E-07 *CHa2 + 0.S4313EOO *CH +0.41837E01 
PEAK STATISTICS= 1.00 BIN UIDTH. 4 MAX UlBTH= 0 
AREA BACKIROUID= 3 :ERROR= 1.00 
IS0 I D  YIIDOY= 3.0 KEV IS0  I 0  LIBRART. 1 
A6E (JAYS). 0.1009E02 TABLE I 

R O I l  1 FROM 73.0 REV TO 79.5 REV 
PEAK AT 74.4 KEY f W N =  1.1 KEV 
IITEORLL. 464 RATE. 0.0 CP8 
AREA. 103 ERR= 22.41 

Y-107 A7 72.1 K t 3  . 0.11382EO3 UCI 
HO-203 AT 72.9 REV 0.S90E-03 UCI 
B1-207 'AT 72.0 REV O.ll814E-03 UCI 

R O I l  2 FROM 09.0 REV TO 94.3 KEV 
PEAK AT 92.8 REV FYHH. 1.4 KEY 
IITEORAL. 497 RATE. 0.0 CP8 
AREA. SS ERR=-69.01 

11018 3 FROM PEAK AT I ~ ~ . O ~ ; : K E V  144.4 EV fW. 0.5 KEV 

IMTEBRAL= 2 ' RATE= 0.0 PI 
AREA= ))>>I . 

R O I l  4 FROM 177.3 KEY TO 109.8 KEV 
PEAK AT 104.0 KEY FWM. 0.0 KEV 
IMTEBRAL. 0.0 CCl 
AREA. s;i '!y 45.31 

U-23s ~r 105.7 KEr o . i ~ 0 3 s ~ - o r  UCI 

R o l l  J FROM 234.0 REV 1 0  242.4 KEV 
PEAK AT 239.0 KEV CUlYl  1.0 IEU 
IMIE8RM- 579 RATE- 0.0 W l  
ARE& 219 ERW 17.31 

ROIB 4 FROM 211.1 K E I  10 290.4 K E I  
PEAR ~r m.r REV tww 1.3 MEW 
I l l t O R I L -  (04 UML= O . @ =  
ME& 82 ERW 24.3: 

R o l l  7 FROM 134.1 111 1 0  343.1 KIN 
PEAK AT 331.4 KEV FUW 1.1 m 
IITEBRAL= 220 RATE= 0.0 c n  
AREA. a4 ERR= n.n 

Cl-134 A1 140.4 KEU 0.80401E-04 UCI 



R O I I  8 FROM 348.9 KEV TO 3Sb.O KEU 
PEIR I T  352.4 KEV FUHI- 1.3 REV 
IMTEORAL- 132 RITE- 0.0 CPS 
IREI- 110 ERR= 10.3: 

PB-214 I T  351.9 REV m 0.20935E-07 uc1 

R o l l  P FROM 503.7 KEV TO 517.8 KEV 
PEAR I T  511.5 KEV FUMlc- 2.5 REV 
IITEBRIL- 281 RITE. 0.0 CPS 
IREI- 111 ERR= 2b.01 

MI-22 AT 511.0 UEV = O.OEOO UC I 
CO-Sb I T  511.0 WEV O.OE0O UC I 
CO-58 I T  511.0 WEV O.OE0O UCI 
SR-81 I T  114.0 WEV = 0.44177E-04 UCI 

ROl8 10 FROM 579.8 KEV TO 187.4 KEV 
PEAR I T  583.7 KEV FWMm 2.0 WEV 
IMTEORM= 141 RITE. 0.0 U S  
IREAm 14 ERR= 11.41 

11-09 I T  585.8 WEV . 0.18019EJ1 UCI 

R O I I  11 FROI 604.4 KEV TO 412.1 KEV 
PEAR AT 609.4 REV F W  1.0 REV 
IITEORIL= 151 RITE- 0.0 U S  
IREI- 19 ERR= lb.11 

XE-115 I T  bO8.2 KEV 0.11107E11 UCI 
81-214 AT 609.3 REV = 0.11S11Ul UCI 

ROII 12 FROM 654.7 KEV 10 468.8 UCV 
PEAK I T  b41.4 REV F W b  2.8 IN 
IITE8RM- 113 RATE- 0.0 CF9 
ARE& .a2 ERR= 42.3: 

CS-117 AT b41.4 KEU = 0.2l100€-04 UCI 

Rot8 13 CROW 903.5 KEV TO 117.1 REV 
PEAK AT 911.7 UtV F W =  0.8 KtV 
IITEOIW- 115 RATE- O.0CIS 
A m  89 ERR- 14.81 

R o l l  14 FRO1 942.7 REV TO Tn.2 KEV 
PEAK I T  141.7 REV F W W  1.8 KEV 
lITt8RAL- 102 RATE- 0.0 CH 
M I A -  78 EIR. 17.n 

ROl8 15 F W I  1114.4 WEV TO 1122.4 WEV 
PEAK AT 1111.3 UEV FYII(. 4.0 IN 
IITEORAL- 44 RATE. 0.0 CIS 
IRLI-  8 Ell)= >>>>I 

TA-182 AT 1121.3 KEV 0.14ZT6C-@4 OCI 
81-114 AT 1120.3 KLV 0 e W X 2 1  W I  

R8l8 14 FROll l4lJ.8 REV TO 144S.2 KEV 
PEAKAT1411.1UEV F M I b  3 .4WN 
IITEORU- 330 RITE- 0.0 Cm 
IREAm 308 E R b  4-41  



604 
608 
b l b  



TAG RO. = 123 RIHL-CAMBERRA-FH BIDER PAOE 1 
ADCI I LIVE TIME m 9982 TRUE TIME 10000 13 AU8 84 22131 
COLLECTEB A T 8  21137146.2 I 3  AUQ 04 

EHERQY(UEV)- 0.27048E-07 *CWa2 + 0.54313E00 *CM +0.6l837EOl 
PEAK STATISTICS= 1.00 NIN UIDTH= 6 MAX UIBTH= 8 
AREA BACKOROU#D= 3 ZERRORm 1 .OO 
IS0 IB  YIUBOU. 3.0 REV IS0 ID LIBRARY* 1 
AOE (DAY6)* O.la78E02 TABLE 1 

ROII 1 FRON 73.0 REV TO 79.5 KEV 
PEAK AT 77.1 KEV FUHM* 1.2 KEV 
IUTE0RAL= 657 RATE. 0.0 CIS 
AREA* 174 ERR. 23.21 

R01I 2 FROM 09.8 KEV TO 96.3 UEV 
PEAK AT 92.5 KEV FYWR* 1.8 UEV 
IUlEORAL. 525 RATE= 0.0 CP8 
AREA- I09 ERR- 33.91 

R01I 3 FROM 234.8 KEV TO 242.4 KEY <,+I"-' 

PEAK AT 238.7 KEV FUHM= 1.6 REV eblIL 
I UTEORAL= 634 RATE= 0.0CPS 
AREA. 274 ERR= 14.21 

ROIa 4 FROM 291.9 KEV TO 291.4 KEV 
PEAR AT 2TS.2 KEV F W m  1.5 KEV r b c - -  

IllE8RAL. 257 RATE. 0.0 cm J 
AREA- 90 ERR= 27.71 

PB-214 AT 2TS.2 KEV 0.178028-08 UCI 

R018 S FROM 334.2 KEV TO 343.5 REV 
PEAK AT 338.5 KEV F W m  1.9 KEV 7  be*^ ** 
IMTEORAL= 234 RATE. 0.0 CPS GI 

1%' 

AREA= 92 ERR- 27.11 

CS-134 AT 340.4 KEV 0.877538-04 UCI 

R O I O  6 FROM 340.9 KEV 10 3S.O KLV 
?ELI AT 352.1 KEV F W =  . 1.4 KEV 
INlEORAL- 
-I. 

147 RATE= 0.0 C?I ewe 
149 14.02 

PB-214 I t  351.1 K N  0.19U3E-OO UCI 

ROIa 7 FROll 563.7 REV TO 517.0 K N  
PE IK IT  511.5KLV FYII)(. J . 1 K N  1 7 % ~  
IUTEORAL- 29t RATE. 0.0 m 
AIL& 183 ERR. l 4 .n  

MA-22 AT 511.0 K N  O.OEOO UC I 
CO-54 AT 511.0 K N  O.OEOO UCI 
CO-58 AT 511 i 0  K N  . O.OEOO UCI 
9 - 0 5  AT 314.0 REV * 0.76973E-04 UCI 



ROID B FROM 579.8 UEV TO 587.4 WEV 
PEAK A 1  583.3 KEY FWM- 2.0 KEV +.*/ "I 

IITEBRAL. 172 RATE- 0.0 Cf8 -n''' 
AREA- 112 ERR* 13.11 

; 0,' 
,C." 

RO1B V FROM 404.4 WEV TO 412.9 WEV 214 
0. 

PEAW A1 409.3 KEV FWM. 1 . l  KEV 
IMTEBRAL- 144 RATE- 0.0 C?8 
AREA- 92 ERR. 17.31 

ROIB 10 FROM 4 ~ 4 . 7  KEV TO 448.8 nEu 
PEAK AT 441.8 a u  runr= 0.9 KEV 
IITEBRAL- 202 RATE- 0.0 CPB 
AREA. 121 ERR- 19.02 

C9-137 AT 441.4 KEV O.SO18tL-04 UCI 

ROID 11 FROM 103.S KEV TO 917.1 KEY 
PEAK AT 911.5 UEV F U W  2.3 KEV 

4 c * ' f v L  , , I  

IITEBRAL. 121 RATE. 0.0 Cf8 
L. 

AREA- 15 ERR. 15.71 

ROIB 13 FROM 1114.4 KEV TO 1122.4 KEV q h o ~ . ~  , p b  ,ad 
PEAK AT 1119.2 REV F W *  0.7 REV '4 
INTEOIAL- SO RAIL. 0.0 CPI 
AREI* 26 L I P  34.61 

ROIB 13 FROM 1453.8 KEV TO 14U.2 KLV 
PEAK AT 1446.4 WEV. F W *  2.W REV 
IMTLBRAL- 104 RITE- 0.0 CW 
A I M =  304 ERR- S.SZ 



CHANNEL # DATA 



TAG NO. 123 RIHL-CINIERRI-FH DIBOER PIOE 1 
noca I LIVE TIME 9903 TRUE TIME 10001 14 u o  04 041% 
COLLECTED AT1 0100111.1 14 AW 04 

ENERQY(REV)= 0.2704IL-07 rCW^2 t 0.S431JE00 rCW *0.41037E01 
PEAK BTITISTICB= 1.00 N1I Ul8TW 6 MAX YlDlH= 8 
A lE I  BACI1ROUI8. 3 XEIOR. 1 .OO 
IS0 IDUIU8OU. 3.0IEV 110 ID LIBRMT- 1 
AOE (DAY8)= 0.S3711E-02 TIBLE 1 

ROIO 1 FROM n .o  REV TO 79.5 REV 
PEAK I T  74.7 REV F W -  1.2 REV 
IITEORIL. 2031 RATE. 0.2 C?S 
AREA- 393 ERN 18.81 

R O I l  2 FROM 09.0 IEV TO 94.3 KEV 
PEAK AT 92.1 REV CUI((- 0.9 IEV 
IIITEOIAL- ISIO RITE. 0.1 cn 
IREA- 134 ERR- 49.21 

R01B 3 FROM 134.0 KEY TO 140.1 KEV 
?EM I T  141.0 KEV MIC 0.1 I W  
IMTEWL- 1970 RATE. 0.1 CPl 
I#& 130 ERR. 71.01 

CE-141 I T  145.4 IEV 0.21421E-04 UCI 
U-23s AT 143.0 IEV . 0.10197E-03 UCI 

R018 4 FROM 177.3 KEV 10 101.0 KEV 
?€IN I 7  l U . O  KEV FYIY(. 1.4 I W  
IITEORM. 1701 RATE. 0.1 M 
AREA= t n  ERR- n.rz 

U-235 I T  185.7 NW = 0.2172BE-04 UCl 

R o l l  S FROM 234.0 111 TO 242.4 KEV 
PUK AT 230.7 R E V -  CW l .S K t V  
IMTEORI= t n 7  anm. 0.1 cn 
AIIb- 7 0  ERR* 9.21 

R o l l  4 FROM 211.9 NEV TO ZW.4 K V  
PEW( AT m.4 rEu FUI. c .s REV 
I r n m n L m  474 a m -  0.6 ma 
AUL. 110 €Dm 12.z 



R o l l  I FROM 348.9 IEV TO 35b.0 KEV 
PEAI AT 352.2 REV FUWll- l .b UEV 
IITE(IRAL. 791 RITE. 0.0 CPB 
AREA. 490 ERR= 7.71 

PI-214 AT 351.9 REV 0.28442E-03 UCI 

R O I I  ? FRW 301.7 IEV TO 517.8 REV 
PEAK AT 311.0 KEY FUHW 2.4 KEV 
IITEORkL= 341 RITE. 0.0 CPB 
MEA. 244 ERR- 16.4: 

MA-22 AT 31 1.0 REV 0.OEOO UC1 
to-54 AT 51 1.0 KEV 0.OE00 UC1 
CO-58 AT 511.0 REV = 0.OE00 UCI 

R O I I  10 FROM 379.8 KEV TO 387.4 REV 
PCAU AT SU.4 KEV F W =  2.1 KEV 
I l l E O l U =  455 R1TE. 0 .O C?9 
AREA= 3 0 5 E R M  9.1: 

- 1  A 1  38S.1 KEV 0.32489E-02 UCl 

R D I I  11 FROM 404.4 KEV TO (12.9 KEV 
PEAU A 1  409.4 REV FWM- 1.8 UEV 
IHTLUAL= 482 RATE* 0.0 CfB 
AM A* 332 ERR- 7.1: 

XE-135 AT 401.2 KEU 4.40JJSE-02 PC1 
)I-214 AT b09.3 KEU 4.3415E-01 UCI 

R o l l  12 FROM 414.7 UEV TO 460.8 KEV 
PEAK A 1  40.2 KEV F W =  1.5 KEU 
IlTEOlU= 279 R1TE= 0.0 CtB 
W A =  U ERR- 55.51 

CB-117 AT 441 a4 KEU 0.24514E34 UCI 

R D I I  13 FROM 718.1 K t 3  TO 732.9 KfV 
PEAK A 1  727.3 UEV FUHM= 2.4 I(N 
IlTEBRALm 297 RATE. 0.0 C N  
ULA- IOI ERR- 30.51 

R O I I  14 FROl 903.5 UEV TO 917.1 REV 
PEAKAl 9l l .SntV F W  2.4KEU 
1mm11= am RATE= 0.0 m 
A- tn ERR- 1 t .a  

ROII i s  ~aaa 942.7 m n 975.2 K ~ V  
PEAK A 1  949.1 WtV F W  2.7 KE'J 
I~TEMI~= zn a m =  o.e m 
AREA- 103 ERR- 21.52 

R O I I  14 FROll 1114.4 IQ1 TO 1121.4 Kn 
PEAK AT 1120.4 KW F W  2.0 KEU 
I M l O l l U L ~  145 RATE. 0.0CII  
A R U m  S7 ERR= S1.U 

TA-182 A 1  1121.3 KW 0.5902OE-e4 PC1 
)I-214 AT 1120.3 KEU 0.11008E-03 UC1 



R018 17 FROM 1453.9 REV TO 14bS.1 KEV 
PEAIAT 14b8.1WLV FUmC 3 . 1 K N  
lNTtORAL- 1035 RATE* 0.1 CP9 
MEA. 911 ERR= 3.4: 

K-40 AT 1460.8 KEll - 0.77341E-02 U C I  

R o l l  18 FROM 1757.0 KEV TO 1748.4 KfV 
PEAK AT 1764.5 KEV F U W  3.2 KEV 
I NTE ORM= n nrrtm 0.0 ar 
(ItEA. 7 E 2t.OI 

Dl-114 (IT 1744.5 KEV = 0.1318E41 UCI 





UC DAVIS CALIBRATION CHECK ~OURCE MIRIRELLI BEACXER PORTABLE RCA 

T A O  no. 123 RIHL-CANBERRA-FH BADGER PAOE 1 
ADCl 1 LIVE TIME - 1000 TRUE TIRE I010 I 3  AUB 84 06116 
COLLECTED &TI 0313T120.2 13 AUO 84 

EMER0YlUEV)r 0.27048E-07 rCU-2 + 0.S4313E00 *CH +0.61837EOl 
PEAK STATISTICS- 1.00 MIM UIDTH- 6 MAX YIDTW- 8 
AREA BACKGROUND= 3 ZERROR. 1 .OO 
IS0 ID UIWDOU- 3.0 KEV 180 I D  LIDRARY. I 
AGE (DAYB). 0.t8031E02 TAKE 1 

ROI l  1 FROl 83.3 REV 70 90.9 KEV 
PEAK J T  88.8 KEV F W I -  1 .S REV 
IHTE8RAL- ffyr(ni- 6.3 CIS 
AREA- 3 ERR- B 

c m - i d  8 8 . 0 ' m y . . l 4 2 9 8 ~ - 0 2  ucl 
)1)(2217 AT 86.5 KEY 8 0.4172bE-03 UCI 

ROI l  2 FROM 708.5 REV TO 724.8 KEV 
PEAK AT 714.5 KEV FUHM- 8.3 REV 
INTEGRAL= 21262 RATE- 21.2 CIS 
AREA. 19309 ERR- 0.12 

CS"' LCI.C~' 

ROIl  3 FROM 1264.8 KEV TO 1282.1 KEV 
PEAK AT 1273.4 KEV FUHM 8.4 KEV 
INTEORAL- 1 1 5 0  RATE- 1 t . S C I I  
AREA= 10043 ERR= 1.11 

-1 UCl 
L b o  l r7 '3 . t l  

ROID 4 FROl 1430.1 KEV TO 14Sb.0 UEV 
PEAK A1 1444.9 KEV FWW 8.4 KEY 
I I T E B R I =  9419 RLTE= T.4 CIO 
AREA- 9S.3 EIR- 1.01 

c m  ' O  1532fJ'  





APPENDIX C.3 
GAMFlA SPECTROSCOPY LOG FROM LEHR SITE 



A portable gamma spectroscopy system consisting of a Canberra Series 10 j 

multichannel analyzer and a high purity Germanium solid state detector was 

used at the LEHR site for both in-situ and preliminary measurements. This was 

the first field trial of this equipment, and some problems with data retrieval 

from magnetic tape storage were experienced. These problems have not been 

completely solved at the time of release of this report. It should be noted 

that the lack of this data has no impact on this report as the data was 

dupl icated by gamma spectroscopy at the Rockwell Canoga Park facility. 
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APPENDIX C . 4  

RADIOCHEMICAL ANALYSIS DATA FROM EAL CORPORATION 



In order that very small quantities of radioactive materials may be 

detected and measured, field measurement techniques must be abandoned and 

samples must be taken to a specialized laboratory. A contract was let to EAL 

Corporation (formerly Tracer Lab) in Richmond, Cal iforn ia, for these analyses. 

The following section reprodces the report received from EAL and includes 

a graphic analysis of the data. 

Radium-226, Strontium-90, Carbon-14, and tritium were found in the 

samples as noted. 



i y7-., 
i EAL Corporntion \ 

19 September 1981 

Ref: Rockvell  I n t e r n a t i a n h l  P.O. No. 
485-124-2U 

EAL V.0. No. 25-3000 

tk. David Speed 
Xocivell  In t e rna t iona l  
L-ergy Svsrems Croup 
~ Y S O  DeSota Avenue 
Canoga Park, CA 91304 

Dear Iir. Speed: 

Enclosed a r e  "'C. %, 2aaRa, *OSr and au'Pu r e s u l t s  of s o i l s  and 
s ludges  s e n t  t o  us fo r  ana lys i s  on the  above purchase o rde r .  

The "C ard 'l4 determinat ions  were m d e  by combustion and l i q u i d  
s c i n t i l l a t i o n  counting. Radium-226 uas  determined by C e ( U )  count. 
For @OSr and a Y ' P ~  determinat ion.  1-gram each of the  ashed macer ia l  
was c o ~ l e t e l y  d issolved by HF-HC1-HSO, t r ea tmen t .  A havn amount of 
y t t r ium c a r r i e r  var added t o  the  d ipsolved sample and y t t r ium ( t h e  
c a r r i e r  a s  well a s  y t t r ium i n  equ i l ib r ium v i t h  @OSr i n  the  s a q l e )  ve  
ex t r ac t ed  v i t h  HDEBP st pH 1. back e x t r a c t e d  v i t h  LZE-Ha. chcn ica l ly  
pu r i f i ed  by f l u c r i d e .  hydroxide. oxa la re  s t e p s  and converted i n t o  
oxide. The y t t r ium oxide vas  veighed and counted on a lov-background 
6' counter .  The @OY decay d a t a  v a s  processed by l e a s t  square  a n a l y s i s ,  
corrected fo r  chemical y i e ld .  sample s e l f  abso rp t ion ,  a l i q u o t  and @OY 

ingrovcb and decay. 

A knovn amount of  a'a?u t r a c e r  was e q u i l i b r a t e d  wi th  tire .':.-solved 
s a q l e  and plutonium vas  radiochemically p u r i f i e d .  Plutoniuz-2-1 vas 
determined by l i q u i d  sc in : i l l a t ion  count ing i n  one hal f  of rn t  pur i f  led 
p l u r o a i u ~  ex t r ac t .  From tne o t i ~ e r  h a l f .  pluronium v a s  e l e c t r m l a t e d  on 
a s t a i n l e s s  s t e e l  d i s c  and t h e  d i s c  was sub jec ted  t o  a lpha  spec ana lys i s .  
P l u t o n i u l ~ 2 1 1  i n  the  s a q l e  was c a l c u l a t e d  from the  a lpha  spec  and LSC 
counting r e s u l t s .  The r e s u l t s  of t he  a n a l y s i s  a r e  given i n  pCi/gram 
sanrple. 

Please c a l l  me i f  you have any ques t ions .  

4 
Very, t r u l y  yours ,  

Dir t tar  k. ~hsrk. r .  PhD 
?'kneger, I h c l e a r  P r o j e c t s  
::uclear Science  Deparfacnt 

FORM 710P REV. a80 



T'BLE 1 . ,.. . . .-- - ..., :; .S OF 8 SA:PLES FROEI R0Chl;ELL 1STEFi:ATIONAL 

Cuscotzer EAL "'C 'H z a r b  90Sr i~ -pU 
Sample Sos .  D i s s s l u c i o n  No. pcilgram t 1  (r (z) 

1 3 5  r -. - - ' 1 5 0 8 - 1 1  < 5 0  
136 n.2 . -  - 5 0 8 - 1 2  < 5 0  
156 ;s-.r .: .-. - ; 5 0 8 - 1 3  2 . 3 5  2 5 1 7 . 3  t 2 
Blank (a)  5 0 8 - 1 5  < I 6  < 2 5  g 0 . 2 0  < 5 0  

(a )  Blank is pCi1sample. L 

FORM 71B-P REV. 580 



FORM 719-? REV. S60 



l O l N  We1 

S T A N D A R D  D E V I A T I O N S  F R O M  M E A N  P r 

FORM 7 1 S P  REV. %#) 



FORM 7 l Q P  REV. 



1 -  . 
I. . I 

0 &# 4.8 

S T A N D A R D  O E V I A T I ? N S  F R O M  M E A N  P r 

FORM 710-P REV. OIO 



APPENDIX D 



RADIOMETRIC ANALYSIS METHODS 

1.0 SURVEY SCOPE ANG PROCEDURES 

1.1 SURVEY SCOPE 

The scope o f  t h i s  survey was t o  perform rad io log ica l  surveys f o r  average 

t o t a l  a1 pha and beta contamination, removable a1 pha and beta contamination, 

and gamna rad ia t ion  measurements on a representat ive po r t i on  of the LEHR 

s i te .  S t a t i s t i c a l  sampling was used because of the scope of the p ro j ec t  and 

i t s  proven usefulness i n  describing s i t e  conditions. Areas a1 so were surveyed 

and biased as t o  sampling frequency on the basi s of 1 i ke l  i hood of contami na- 

t ion.  This i s  the appropriate method fo r  the desired sampling, as i n  our 

experience, these areas has been found t o  be most representat ive o f  the rad io-  

l og i ca l  condi t ions o f  an i ndus t r i a l  f a c i l i t y .  No data was obtained from the 

i n t e r i o r  of any bui ldings, the i n t e r i o r  of exhaust systems before HEPA f i l t e r s  

o r  ac t i ve  dra in  systems, o r  from the i n t e r i o r  of any of t he  sealed glove boxes. 

.i 
1.2 SURVEY EQUIPMENT 

1.2.1 Instrumentation 

Instruments used f o r  rad io log ica l  inspection consisted of f i e l d  survey 

instruments, portable scaler counting systems, and nonportabl e , 1 aboratory- 

grade gamna spectroscopy systems ( located a t  Rockwell i n  Canoga Park, 

Cal i fo rn ia) .  

1.2.2 I den t i f i ca t i on  

Each rad io log ica l  instrument i s  i d e n t i f i e d  by an ESG property number o r  

metro1 ogy number f o r  traceabi 1 i t y  o f  NBS ieferenced c a l i b r a t i o n  and resul  ts. 

For separable devices, such as a scaler and detector  probe, a metrology number 

i s  assigned t o  each probe. 



1.2.3 Field Instruments 

Field instruments were used for measurement of average total (fixed and 

removable contamination) and hot-spot measurements. The following types of 
field instruments were used for the survey of the LEHR facililty: 

1 )  Technical Associates Elodel FS-8 Automatic Recycling Scaler 

The Technical Associates FS-8 is a five-decade scaler that can 

be used with a wide variety of radiation detectors. Provisions 

are made for using preset time of 0.1 to 9999.9 seconds or 

preset counts in the range of 1 to 99,999. High voltage is 
adjustable by a lock 10-turn potentiometer located on the front 

panel. The FS-8 also has an adjustable audible and visual 

alarm and an audible count rate indication. Both a low-battery 

indicator and a count overflow indicator are provided. 

This instrumnt was used with one of two probes described in 

the following section to measure average total alpha and beta 

contamination. 

a) Ludlum Hodel 43-5 Alpha Scintillation Probe 

This probe has an active surface area of 63 sq centimeters 

and a nominal efficiency of 4 dpdcpm. These detectors 

are sensitive only to alpha particles. These particles 
must have an energy of approximately 1.5 MeV at the window 

surf ace. 

b) Ludl urn Model 44-9 Geiger-Muel ler Pancake Probe 



This probe is used for the detection of beta particles and 

has an active surface area of 20 sq centimeters. Nominal 
efficiency is 10 dpm/cpm. Background will vary greatly 

with natural background radiation but should be in the 

range of 30 to 120 cpm. This detector will also detect 

alpha particles with an energy greater than 3 t4eV. It 

will also detect gamma-emitting radionuclides distributed 

within materials as a result of kinetic electrons produced 

by g a m a  interactions within that material and/or the 

material of the probe. 

Ludlum Model 12s IlicroR tleter 

This instrument is used for the detection of g a m a  radiation 

above the energy of 60 keV. As such, it cannot be used to 

detect. the low-energy penetrating radiations from plutonium. 
This instrument uses a 1 in. by 1 in. NaI(T1) scintillation i 
crystal with photomultiplier tube. It is calbrated accordirlg 

to the manufacturer's recomnendations to cesium-137 gamma radi- 

ation. This meter has a scale of 0-3 micro R/hr and range- 

switched multipliers of XI, X10, X100, and X1000. 

Nuclear Measurement Corporation Model ACS-77 Automatic Counting 

System 

This system employs a 2-in.-diameter planchet transport system 

and a 2-in. 2 PI geometry gas-flow proportional detector. This 

detector is operated at a voltage of 1600-1800 volts. This is 

a windowed detector with a window thickness of 180 micro- 

grams/sq. centimeter. This enables the system to detect both 
alpha and beta particles. 



Alpha and beta counts are automatically identified and sepa- 

rately indicated. Counting time is selectable from 0.1 to 9999 

minutes. The alpha efficiency factor is nominally 3.3 dpm/cpm 

with a background of 1 cpn or less. The beta efficiency factor 

is nominally 3.2 dpdcpm with a background of approximately 

25 cpm. 

4) Ludlum Model 2200 Scaler with Eberline Sodium Iodide Gamna 

Probe. 

The Ludlum 2200 scaler is a six decade counter coupled to a 

single channel analyzer (SCA) electronics package. Individual 
10-turn potientiometers allow adjustment of gain, theshold of 
discrimination and width of the window. For most gross gamna 

measurements, the window i s  opened to full width and the dis- 
criminator is adjusted to 'just above the noise floor of the 

detector. 

The Eberline Sodium Iodide Gamma Probe is an assembly consist- 

ing of a 2" x 2" NaI crystal and a ruggedized photomultiplier 

tube mounted in an aluminum housing. 

4.2.4 Laboratory Instruments 

Laboratory instruments were used to measure soil contamination (gamna) 

obtained on site. Due to the great weight of the shielding, this equipment 

remained in Canoga Park, California, at the Rockwell International facility. 

. 4.2.5 Instrument Calibration 

Haintenance and calibration of all battery-powered (field instruments) 
systems are performed on a quarterly basis by the Inspection and Test 



Department. Batteries may be replaced without recal ibration. Laboratory 

instruments are serviced and calibrated on a biannual basis. 

Daily qua1 if icat ion tests are performed by Radiation and Nuclear Safety. 
Prior to each use of an instrument, the calibration label is checked to assure 

that the instrument is in current calibration. 

4.2.6 Instrument Qualification 

Instruments will be checked prior to their first use each day. The check 

will consist of a background reading and a reading obtained from a standard 

source and source-detector geometry. Those that indicate a significant change 

or are erratic or otherwise malfunctioning must be repaired and recalibrated 

before further use. 

4.3 SURVEY PROCEDURE 

4.3.1 Selection of Sampl ing Points 

4.3.1.1 Partial Inspection 

As the task of the ESG survey team was to provide an overview and not a 

comprehensive, radiological survey of the LEHR facility, a partial inspection 
plan was used. The aim was to provide a statistically significant number of 

survey points for each area which would represent a reasonable statistical 

"population." For Gaussian statistics, this number of samples, "n," should be 

chosen so that n 20 for each population. Using this guidance, approximately 

22 of the floor area of suspect structures was sampled. 

Survey points were selected on a random-biased basis. D u e  to instrumen- 
tation considerations and time constraints, it was decided to concentrate the 



statistical sampling on the floor surfaces only. It has been our experience 

that the floor (or ground) is the most appropriately conservative population 

to sample in cases such as this. (Walls and ceilings tend to harbor less con- 

tamination than floors.) Sampling points were selected randomly, but biased 

by the expert judgment of the surveyors so that many "suspiciousu spots such 
as an area imnediately outside the dog pens and areas of the floor which would 

be difficult to clean on an ordinary basis were sampled. Survey points were 
also sited in the traffic patterns in order to determine the occurrence and 

extent of tracking contamination. 

4.3.2 tqeasurement Procedures 

The following procedures were used to make the measurements related in 

this document. These procedures have been employed by ESG and have proven to 
be extremely effective for documentat ion for release for unrestricted use of 

faci 1 it ies previously contaminated with radioactive materials; These proce- 

dures have been accepted by the U.S. NRC for this purpose. 

4.3.2.1 Averaqe Total Alpha and Beta 

1) Identify the spot to be surveyed. 

2) Identify the area by painting an out1 ine around a l-meter-sq 

area. 

3) With a portable scaler (Technical Associates FS-8 or equiva- 

lent) set for a 5-min count time, use an alpha and a beta probe 

set in a holding device to uniformly scan the marked area. The 

audio indication should be on so that the surveyour can detect 

any "hot spots." These hot spots are to be resurveyed later. 

4 )  Record the location and total counts for alpha and beta. . 



5 )  The t o t a l  count i s  converted t o  a c t i v i t y  i n  dpm/100 sq cm by: 

A c t i v i t y  = [(C-B)/5][E(100/A)] 

Where C = t o t a l  counts i n  5 min 

B = t o t a l  background counts i n  5 min 

E = e f f i c i e n c y  i n  dpm/cpm 

A = probe sens i t i ve  area. 

4.3.2.2 Removable Alpha and Beta 

1) I d e n t i f y  1-sq-meter area t o  be surveyed ( a f t e r  t h e  t o t a l  a c t i v -  

i t y  measurement i s  made). 

2) Using a Whatman 540 f i l t e r  paper (2.4 cm diameter),  wipe a "2" 
pattern, w i t h  legs approximately 6 in .  long so as t o  sample 

removable contamination from an area o f  approximately 100 sq 

centimeters. 

3) Place smear paper i n  a p rope r l y  labe led  note card "book" fo r  

storage and t ranspor t  u n t i l  ready f o r  count ing. 

4 )  Count smear paper f o r  r a d i o c a t i v i t y  us ing  a gas-flow propor- 

t i o n a l  counter (NtlC Model ASC-77 o r  equ iva len t )  f o r  5 min. 

5) Record t h e  locat ion,  t o t a l  alpha count and t o t a l  beta count on 

an H&RS Survey Report Form. 

6)  The t o t a l  counts are converted t o  dpd100 sq cent imeters remov- 

able surface a c t i v i t y  by: 



Activity = [ (C-B )/5]E 

Where C = total counts in 5 min 
B = total background counts in 5 min 

E = efficiency in dpm/cpm 

4.3.2.3 "Hot SpotY Measurements 

1 )  Survey suspect areas with a count rate meter such as a Ludlum 
Model 12 with a appropriate probe to determine the location of 

maximum contamination. 

2) Count the area of maximum contamination for 1 min using a por- 
table scaler as previously noted. 

3) Record the location and total count on an HLRS Survey Report 
form noted as a "HOT SPOT." 

4) The total count is converted to activity in dpd100 sq centi- 

meters by 

Activity - (c-B) [E(  100/~)] 

Where C = total counts in 1 min 
B = background counts in 1 min 
E = efficiency in dpdcpm 
A = probe sensitive area. 

4.3 .2.4 Gamna Radiation Measurements 

Micro R/Hr Measurements 

1) Locate the area to be measured; mark on appropriate map. 



2 )  If the area i s  a  f l o o r  g r i d ,  h o l d  the  instrument (Ludlum 

tlodel 12-5 o r  equ iva len t )  approximately 1  meter from the  f l o o r  

surface and scan the  g r i d .  Record t h e  read ing  obtained i n  t h e  

center  o f  the  g r i d  and the  maximum reading obtained, it 

appl icable.  

3 )  For o ther  measurements, such as traps, g love boxes, and "hot  

spots," reco rd  the  average and maximum readings on the  appro- 

p r i a t e  forms. 

4.3.2.4.2 Gross Gamna Heasurements 

1 )  Hold de tec tor  3  f e e t  above area of i n t e r e s t  and count f o r  one 

minute. Record. 

2) Lower de tec tor  i n t o  h o l d  j u s t  below surface, count f o r  one min- 

u t e  and reco rd  data. 

3) Repeat procedures a t  5- foot  i n t e r v a l s  t o  the  maximum depth and 

reco rd  data. 

4) S t a r t i n g  a t  t h e  bottom w i t h  the  de tec tor  on, s lowly  scan the  

ho le  a l l  t h e  way t o  t h e  top, observ ing the  count r a t e  meter. 

I f  a  "hotn spot i s  detected, take a  one minute count a t  t h a t  

l e v e l  and a t  one f o o t  below and above t h a t  po in t .  Record Data. 

4.3.2.4.3. Gamna Spectra l  Scan 

1) Place sample j a r  on s h i e l d  GE detector.  

2) C o l l e c t  data f o r  1000 seconds o r  more. 

3)  I d e n t i f y  energy peak by  kev. 

4) Record data on t y p e w r i t e r  p r i n t o u t .  

5) I d e n t i f y  s i g n i f i c a n t  isotopes present by t h e i r  c h a r a c t e r i s t i c  

gamna peak. 



The purpose of statistical analysis is to convert a large mount of data 

into a manageable amount of understandable information. This process can 
involve a variety of mathematical techniques, the simplest being the deter- 
mination of an average (or mean) value for a given set of data. This simple 

determination is improved upon be also calculating the standard devation of 

. the data about the mean, which gives an estimate of the variability of the 
data. In many cases, this variability represent variations both in the char- 

2 acteristics being measured (say, average alpha activity in I m ) and in the 

measurement (due to random fluctuations in the detector count rate and 

background). 

The significance of these quantities (mean and standard deviation) 

depends upon the distribution assumed for the data. Sometimes there is a 
theoretically known distribution for a particular measurement process, such as 
the binominal or the Poisson distribution for counting radioactivity. These 

distributions are relatively we1 1 approximated by the Gaussian, or normal, 
distribution. In fact, the Gaussian distribution approximates the distribu- 

tion of many different kinds of measurements and for simplicity is generally 
assumed to be the proper distribution. The Gaussian distribution is fre- 

quently seen in the form of a Nbell"-shaped curve, with most values occurring 
near the mean value and fewer and fewer values existing at increasing distance 

from the mean, both greater than and less than the mean. 

However, it is difficult to derive this bell-shaped curve from experi- 

mental data unless the data are specifically selected to demonstrate the 
curve, and deviations from the distribution are difficult to see. A better 
version is the so-called Ncumulative probability function,' which forms an 
"Sw-shaped curve when plotted in the usual manner. This can be further 

improved by adjusting the abscissa (the "Xw- values on an X-Y graph) so that 

the S curve becomes a straight line. This is a standard statistical technique 

and is the basis for special graph paper used for probability analysis of 

data. The parameters of the Gaussian distribution (the mean and standard 
deviation) are determined by the usual calculat ional methods: 



Ki mean = k = 

1/2 

standard deviation = S = - 

where X i  represents the individual data values, and N is the number of 
points. 

This method is the basis for the figures presented earlier in this 
report, where the measured values are plotted against the distance from the 

mean value, using the standard deviation of the assumed Gaussian distribution 

as the unit. 

llhere the data are not well represented by a Gaussian distribution (and ( 
this is true in most of the cases), the departure is readily apparent: the 

data points do not lie along the straight line representing the Gaussian. In 

most cases, this departure takes a single typical form. Huch of the data 

forms a nearly horizontal straight line with the balance forming another 

nearly straight, steeply sloping line. 

This can usually be interpreted as showing a large number of uncontarni- 
nated locations where the variability is due to random fluctuations in the 
measurements themselves, with the balance being locations that have more or 

less significant residual radioactivity. 

In the present report, this analysis has not been extended to provide a 
sampling inspection test as there was insufficient data for a confident 

analysis. This uses a standard quality control technique called inspection by 
variables, in which the distribution of measured values is used to predict the 

probability that other, unmeasured values would exceed a specified limit. The 



standard test method requires calculating the mean (X) and the standard devia- 
tion (s). Then, depending upon values chosen for certain parameters that 
affect the performance of the test in accepting bad lots or rejecting good 

lots, the necessary number of samples is determined and a multiplier, k, is 

computed so that the inequality 

where L is the acceptance limit, representing an acceptable lot. In the 
present application, the term "lotu applies to a major facility. 

The parameters used in this test are those recomnended by the State of 

California, Radiologic Health Section, for release of a facility for unre- 

stricted use. These are the so-called "consumer's risk" (or 6) and the 

" lot-tolerance percent defective" (LTPD) . The values recomnended for these 

are 6 = 0.1 and LTPD = 10%. This means that, if a lot just passes the accept- 
ance test, there is one chance in ten (0.1) that 102 of the total number of 

locations in the facility sampled would have residual radioactivity exceeding 
the limit. 

The usual manner of applying this inspection test is to use tables giving 

values of the sample size (N) and multiplier (k) for the selected values of 6 

and LTPD. In the present application, the number of measured values (N) in 

each lot was used to compute k, and this value was used to calculate X + ks. 
The computation of k is somewhat complicated, but once programed for the 

computer as part of the data analysis program, the complicaton is no obstacle 

to its use: 

"0 with a = 1 - 



2 2 
and b = K2 - K~ 

IT 

The value of K2 is that for the variable of a Gaussian distribution 

corresponding to the LTPD value, and the value of Kg is that for the 

Gaussian variable corresponding to D. In this case, both these values are 

1.282. 

Inasmuch as the 1 imit for gamna exposure rate is not well defined and is 
very sensitive to the great variation in environmental radiation, this 

complete analysis was not applied to the g a m  measurements. Instead, the 

values were plotted against an assumed log-Gaussian (log-normal ) distribution 

and the test was not calculated. In each case, the significantly high 
readings can be judged by looking at the plot. 




